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Section 1 

Introduction & Specifications 



1-1. INTRODUCTION 

1-2. The John Fluke Model 1120k is a nine-digit port- 
able, bench-type Counter that provides wide-range fre- 
quency measurement capability up to 1300 MHz. There 
are two input channels. The ac-coupled Channel A input 
allows frequency measurements from 10 Hz to 125 M Hz 
with 1 Megohm input impedance. The Channel B input 
allows prescaled frequency measurements of continuous 
wave or burst signals from 100 MHz to 1300 M Hz with 50 
ohm input impedance. Channel A signal conditioning 
includes a X 1 0 fixed attenuator and a .X 1 0 variable atten- 
uator. For low frequency measurements, a 100 kHz low- 
pass filter may be selected. Four standard resolution 
settings and gate limes may be selected that allow resolu- 
tion in decade steps from 100 Hz to 0.1 Hz. Four addi- 
tional resolution settings (up to .0001 Hz) are available 
when the Resolution Multiplier Option -351 is installed. 

1-3. Measurements are displayed on a nine-digit LED 
display. Three LED annunciators indicate gate time, 
measurement overflow, and if optional oven time base is 
receiving power. The 1220k may be operated with the 
standard 10 MHz time base, an optional TCXO (Tempera- 
ture Compensated Crystal Oscillator) time base, or either 
of two optional low power oven time bases. A self check 
mode applies the time base signal to the internal counters, 
thus providing a check for most of the 7220A internal 
circuitry. 

1-4. The 7220A is enclosed in a PTI (Portable Test 
Instrument) case which includes an inner metal lining for 
RFI shielding. The counter may be operated at sw'itch 
selectable line voltages of lOOV, 1 20V, 220V or 240V at 
47-63 Hz, or with an optional battery pack. 

1-5. OPTIONS AND ACCESSORIES 

I -6. When the Battery Pack Option -010 is in.stalled 
along with one of the optional oven time bases, high 



measurement accuracy is provided with portable conven- 
ience. When the Digital Interface Option -521 is installed 
in the 7220A, serial BCD data is available at a rear panel 
output. Option -521 also allows the counter to operate 
directly into a Fluke 2020A, 202 1 A, or 2030A Printer 
(with Option -004 installed in the Printer). When Option 
-521 is installed in the 7220A, and it is used with a Fluke 
1120A Translator with Option -522 installed (in the 
1 120A), the 1220k is compatible with the IEEE-488 Bus. 
All of the options are described in detail in Section 6. 
Tables 1-1 and 1-2 list the available options and acces- 
sories for the 7220A, 

1-7. SPECIFICATIONS 

1-8. Specifications for the 7220A are given in Table 1-3. 
Comparative specifications for all of the optional time 
bases are also given. Specifications for the options are 
included in Section 6 with the option descriptions. 



Table 1-1. 7220A Options 



OPTION NO. 


DESCRIPTION 


72XXA-010 


Battery Pack 


7220A-111 


1 PPM TCXO Time Base 


72XXA-131 


Low Power Oven Time Base 


72XXA-132 


Superior Low Power Oven Time Base 


7220A-351 


Resolution Multiplier 


72XXA-521 


Digital Interface (factory-installed 
in 7220A) 


72XXA-522 


Interface PCB Assy (installed in 
1120A) 


72XXA-529 


IEEE-488 Interface (includes Options 
-521, -522, and Accessory Cable 
Y7203) 
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Table 1-2. 7720 A Accessories 



ACCESSORY 

NO. 


DESCRIPTION 


ACCESSORY 

NO. 


DESCRIPTION 


A53 


Whip Antenna 


Y2020 


C-Size Panel Adapter 


Y2014 


C-Size Single Rack Adapter 


Y7203 


2-Foot Ribbon Cable Assembly 


Y2015 


C-Size Dual Rack Adapter 


Y7204 


5-Foot Ribbon Cable Assembly 



Table 1-3. Specifications 



FUNCTIONS 



Frequency A 

Range 10 Hz ~ 125 MHz 

Resolution 0.1 Hz, 1 Hz, 10 Hz, 100 Hz 

Accuracy ±1 count ± time base errors 

Display MHz with decimal point 

Measurement Time Gate Time* + cycle time** 

Frequency B 

Range 100 MHz - 1300 MHz 

Resolution 0.1 Hz, 1 Hz, 10 Hz, 100 Hz 

Accuracy ±1 count ± time base errors 

Display MHz with decimal point 

Measurement Time Gate time* + cycle time* * 

Burst Mode 

Minimum Burst Gate Time* + 40 ms 

Automatic Hold . Display holds last complete reading until Reset 



* For gate times, see Table 2-5. 

** Cycle time is approximately 150 ms. 

SIGNAL INPUT ~ CHANNEL A 

Bandwidth 10 Hz — 125 MHz, ac coupled 

Sensitivity 10 mV rms at 10 Hz — 50 MHz 

15 mV rms at 50 MHz — 100 MHz 
25 mV rms at 100 MHz - 125 MHz 

Input Impedance 1 Megohm, shunted by 60 pF 

Attenuator XI to X100, XI or X10 fixed plus 

XI to XI 0 continuously variable 

Filter 100 kHz low pass selectable 

Maximum input Voltage See chart below: 




Channel A Maximum Input Voltage FREQUENCY 



700f\A 

















SIGNAL INPUT - CHANNEL B 

Bandwidth 1 00 MHz — 1300 MHz 

Sensitivity 5 mV rms at 100 MHz to 600 MHz 

10 mV rms at 600 MHz to 1000 MHz 
40 mV rms at 1000 MHz to 1300 MHz 

Input Impedance 50 ohm 

VSWR 2.5:1 typical maximum 

Maximum Input Voltage 5V rms at 100 MHz to 1300 MHz 

SIGNAL INPUT - EXTERNAL TIME BASE 

Frequency Required 10 MHz 

Sensitivity 300 mV rms 

Input Impedance ! 1 kilohm, shunted by nominal 30 pF, ac coupled 

Maximum Input Voltage 3V rms 

SIGNAL OUTPUT - TIME BASE 

Frequency 10 MHz, square wave 

Amplitude TTL levels 

impedance 200 ohms, nominal 



STANDARD TIME BASE 

Frequency 10 MHz 

Aging Rate per month ±5x10^ 

Temperature Stability ........... ±5x10 ^,0 to 40°C 

Line Voltage {± 10% change) ...... ±1 x 10 ^ 

Battery Operation ±1x10^ 



OPTIONAL TIME BASES 





OPTION -111 


OPTION -131 


OPTION -132 




1 PPM TCXO 


Low Power Oven 


Superior Low Power Oven 


Frequency 


10 MHz 


10 MHz 


10 MHz 


Aging Rate 
Per day 






±3 X 10"^* 


Per month 


±3 X 10"'^ 


±1 X 10"’* 


±5 X 10"®* 


Per year 


±1 X 10"^ 


- 


- 


Accuracy with temperature** 


±1 X 10"^ 


±1 X 10"’ 


±3 X 10“® 


(0° to 40°C) 
Line Voltage 


±2 X 10"'^ 


±2 X 10”^ 


±4 X 10"^ 


Battery Operation 


±2 X 10"’ 


±5 X 10'® 


±1 X 10"® 


Warm up*** 
10 Min 




±5 X 10'’ 


. ±5 X 10"’ 


20 Min 


— 


±3 X 10"® 


±3 X 10"® 



* After 5 days continuous operation. 

*fnc/udes errors caused by temperature variations during operation as well as all calibration errors when 
calibrated per specifications. 

' *Compared to frequency 24 hours after turn-on. 
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GENERAL 

Display Annunciation 9-digit LED, with leading zero suppression and decimal point. Three LED 

annunciators: Gate, Measurement Overflow, Oven Time Base Power, 

Cycle Rate In continuous measurement mode, time between end of one gate time and 

beginning of next gate time is fixed at approximately 1 50 ms. 

Seif Check Counts and displays 10 MHz Time Base. 

Reset Reset switch clears display; holding Reset lights all 9-digit LED segments, 

releasing Reset allows new measurement to take place. 

Power Requirements . 24 VA maximum 

Line Voltage 100V, 120V, 220V or 240V ac ± 10%, internally selectable 

Line Frequency 47—63 Hz 

Dimensions 40.3 cm L x 20.3 cm W x 10.8 cm H {12.9 in L x 8.0 in W x 4.3 in H} 

See Figure 1-1. 

Operating Temperature 0° to 40*^C 

Storage Temperature -40° to 70°C 

Weight. 3.2 kg (7 lbs) 

EMI Internal metal RFI shield meets most requirements of MIL-STD-461, notice 3. 

Protection Class 1 Relates solely to insulation or grounding properties defined in I EC 348. 




Figure 1-1. Outline Drawing 
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Section 2 

Operating Instructions 



2-1. INTRODUCTION 

2-2. This section of the manual contains information 
concerning the installation and operation of the Model 
7220A Frequency Counter. The contents of this section 
should be read before operating the counter. Should any 
difficulties arise during operation of the instrument, 
please contact your nearest John Fluke Sales Represen- 
tative, or the John Fluke Mfg. Co., Inc. (P.O. Box432l0, 
Mountlake Terrace. WA., 98043; Telephone 206 774- 
221 !). A list of sales representatives is given in Section 7. 

2-3. SHIPPING INFORMATION 

2-4. The 7220A is packaged and shipped in a foam- 
packed container. Upon receipt of the instrument, make 
a thorough inspection for proper contents and possible 
shipping damage. Special instructions for inspection and 
claims are included with the shipping container. If 
reshipmeni is necessary, use the original container. If the 
original container is not available, a new container can 
be obtained from the John Fluke Mfg. Co., Inc. Please 
specify the instrument model number when requesting a 
new shipping container. 

2-5. INSTALLATION 
2-6. Input Power 

2-7. The 7220A can be operated with an input line 
voltage of lOO. 1 20, 220, or 240V ac (+10%). Line fre- 
quency may vary between 47 and 63 Hz. A rear panel 
decal specifies the voltage selected prior to shipment. If a 
change in voltage is required, have a qualified technician 
perform the procedure. The selection procedure is given 
in Section 4 of this manual. Replace the fuse when the line 
voltage setting is changed. Proper fuse ratings are given 
under Fuse Replacement. 



2-8. Fuse Replacement 

2-9. The ac input line and the Channel B input line are 
both fuse protected. The ac input line fuse (FI ) is access- 
ible by way of a rear panel fuse holder located to the right 
of the input power connector. If fuse replacement is 
required, disconnect the 7220A from line power and 
remove the fuse cap and fuse (twist the fuse cap ccw using 
a screwdriver). Select and install a replacement fuse with 
a rating that is compatible with the local line voltage. 
Replacement fuse information for the line power fuse is 
available on the rear panel decal and in the following list. 
Channel B fuse replacement requires removal of the 
instrument covers, and should only be performed by a 
qualified technician. The Channel B fuse replacement 
procedure is given in Section 4. 

1. 100 to 120V ac use fuse type MDL slo-blo 1 /4A 

2. 220 to 240V ,{c U‘^e Iunc type MDL slo-blo I 8A 



2-10. Stacking PTI Instruments 

2-11. The stacking feature of the PTI case allows the 
7220A to be stacked with, and locked to other Fluke 
instruments in the PTI product line. Use the following 
procedure to stack PTI instruments; 

1. Locate and pull the black latches on both sides 
of the unit to their extended position. 

2. Place the unit on top of the PTI stack with the 
front pane! toward the front of the stack. See Figure 
2 - 1 . 

3. When the unit is properly seated, push both 
latches in. This will lock the unit to the stack. 
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panel. When retracted, the bail lies flush with the bottom 
panel and does not interfere with case stacking. The bail 
is normally mounted toward the front of the instrument. 
To remove the bail, corapresseither of its legs toward the 
center of the case and puli out. Installation may then be 
made in identical mounts at the rear of the bottom panel. 



2-14. Rack Installation 

2-15. The 7220A may be installed in a standard 19-inch 
equipment rack ora DIN pane! mount. Mounting kits for 
these accessories are described in Section 6 of this man- 
ual. A list of all available accessories and options is 
presented in Section 1. 

Figure 2-1. Stacking PTl Instruments 



2-12. Tilt-Down Bail 

2-13. When used as a separate instrument, the 7220 A 
may be tilted up, or down, with the aid of the tilt bail. In 
the extended position, the bail may be locked in place by 
firmly pressing the legs into slots provided in the bottom 



2-16. OPERATING FEATURES 

2-17. The function and location of all 7220A controls, 
indicators, and connectors are shown in Figures 2-2 and 
2-3, and described in Tables 2-1 and 2-2. 
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Table 2-1. 7220A Front Panel Controls, Indicators, and Connectors 




OVEN Annunciator 




IMuminates if an oven time base is installed and is receiving power. 



OVFL Annunciator 



Illuminates if the accumulator has exceeded the measurement range selected. 



GATE Annunciator 



Illuminates while the Main Gate is enabled and the input frequency is being 
counted. 



Display 



A nine digit LED measurement display with automatic decimal point placement 
and leading zero suppression. 



Measurement Units 
Indicator 



Indicates the units for the measurement displayed. All measurements are 
displayed in MHz, except when the Resolution Multiplier Option is selected using 
the Function Control. Then the measurement is displayed in Hz. 



ATTENUATION 

Controls 



These two controls (which only affect Channel A} can be used to limit the input 
signal to the dynamic operating range of the input amplifier. 

The upper rotating control allows variable attenuation between XI and X10. 
The lower two-position slide switch allows step attenuation of XIO. The two 
controls can be used separately or together to allow total attenuation range of 
XltoXIOO. 



CHANNEL B 
Connector 



BNC input connector for Channel B. Channel B has a 50 ohm input impedance 
and is internal fuse protected. 



CHANNEL A 
Connector 



BNC connector for Channel A. Channel A has a 1 megohm input impedance. 



CH A/CH B 



A six-position slide switch which allows selection of 7220A operating mode. 
Moving the slide between positions automatically generates a Reset command 
for the instrument. The function of each operating mode is as follows: 



CHK initiates instrument self-test. The 10 MHz time base signal from the 

instrument is applied to the counting circuitry. This allows an internal 
check of all instrument circuits except the input circuits. In this 
mode, the frequency displayed should be 10 MHz. 



1300 Enables Channel B measurement of signals from 

100 MHz to 1.3 GHz (1300 MHz). 

1300 BURST Enables measurement of burst signals from 100 MHz 
to 1.3 GHz (1300 MHz). 



Enables Channel A measurement of signals from 
10 Hz to 125 MHz. 







Table 2*1. 7220A Front Panel Controls, Indicators, and Connectors (cont) 



REF. 

NO. 


NAME 


FUNCTION 






.1 FILT 


Enables Channel A measurement of signals from 10 Hz 
to 100 kHz by switching in a 100 kHz Low Pass Filter, 






RES MULT 


If the -351 Option is installed, this position enables the 
10 kHz resolution multiplier and changes the scale of the 
RESOLUTION control. The 100 kHz Low Pass Filter 
is switched in. If the -351 Option is not installed, 
selection of this mode will prevent the instrument 
from counting. 


10 


RESOLUTION 

Control 


Four-position slide switch which allows resolution selection of 100 Hz, 10 Hz, 
1 Hz, or .1 Hz. If the -351 Resolution Multiplier Option is installed, the range 
of resolution is extended to include .01 Hz, .001 Hz, and .0001 Hz selections, 
and is color-coded by a blue band with the appropriate Function control 
position. Moving the slide switch between positions automatically generates 
the instrument's Reset command. 


11 


RESET 


Pushbutton switch that resets the counters and zeros the display. The number 
888888888 is displayed while the button is pressed to allow a visual check of 
the LED display segments. 


12 


POWER switches 


These two push-push switches allow selection of instrument power source. 






BAT/LINE 


If the -010 Battery Option is not installed, this switch 
will not affect instrument operation. If the -010 
Battery Option is installed, this switch allows selection 
of either battery or line power. 






ON /ST BY 


The ON position enables normal operation. The 
STBY position powers the oven (with rear panel REF 
switch set to INT) and battery charging circuits if 
these options are installed. 



2-18. OPERATING NOTES 

2- 1 9. The following paragraphs provide information 
which should be considered before operating the 7220A. 
This includes information about basic frequency counter 
operation and descriptions of the 7220A operating 
modes. 



2-20. AC Line Connection 

2-2 1. The input power cord is a three-pin polarized 
connector which permits connection through the rear 
panel power receptacle to any of the power voltages 
described under Input Power. Ensure that the ground pin 
is connected to a high quality earth ground. 
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2-22. Maximum Input Levels 

CAUTION 

To prevent instrument damage, do not con- 
nect the active lead of the Input signals to the 
shell of the BNC connector. All BNC connec- 
tor shells on the 7220A are tied directly to 
earth ground through the power plug. 

2-23. Three of the four BNC connectors on the 7220A 
are designed to accept signal inputs. Two are on the front 
panel and allow input signals to be ac-coupled to the two 
input channels. The third input connector is on the rear 
panel and is the EXT REF input. Refer to Table 2-4 for 
the maximum signal input levels. 













r 




Figure 2-3. 7220A Rear Panel Controls, indicators and Connectors 



Table 2-2. 7220 A Rear Panel Controls, indicators, and Connectors 



REF. 

NO. 


NAME 


FUNCTION 


1 


Input Power 
Connector 


A 3 prong receptacle for ac line input. 


2 


FI 


Fuse holder that houses the ac line power fuse and allows easy access for fuse 
replacement. 


3 


DATA OUT 


Connector location for the Digital Interface, Option -521. When the -521 is 




OPT. -521 


not installed, the hole is covered by a removable panel. 


4 


FREQ ADJ 


If the Option -1 1 1 time base is installed, this is the access point for adjusting 




OPT. -Ill 


the TCXO frequency. This adjustment is made during calibration only. 


5 


1 NT/EXT REF Switch 


Two position slide switch that determines whether the instrument is clocked 
by the 10 MHz internal timebase (INT position), or by an external timebase 
(EXT position) connected to the 10 MHz REF IN connector rear panel. 


6 


10MHz REF 






IN 


BNC connector for connecting an external timebase. This input is used only 
when the 1 NT/EXT REF switch is in the EXT position. 




OUT 


BNC connector which allows access to the timebase signal being used by the 
instrument. 
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Tabfe 2-3. Counter Terminology 



Attenuation 

Attenuation is used to limit the input signal within the dynamic range of the input amplifier. The 7220A has two 
attenuators for use with Channel A. One allows variable attenuation from XI to XI 0, and the other allows step attenu- 
ation from XI to XI 0. They can be used separately or in combination to provide total attenuation from XI to XI 00. 

Gate Time 

Gate time refers to the length of time during which an input frequency is being counted for display. In the 7220A, the 
gate time is determined by the resolution selected (see Table 2-5). The greater the degree of resolution, the longer the 
gate is open. 

Hysteresis 

In frequency counters such as the 7220A, proper counting requires a pulsed output from the input circuitry. To form 
this pulse, each input waveform (regardless of its shape) triggers a Schmitt trigger in the input circuit at predetermined 
triggering or hysteresis levels. An input waveform must pass through both of these hysteresis levels for the input circuitry 
to generate a pulse. The voltage difference between the two levels is termed the hysteresis window; the minimum signal 
that can trigger both levels therefore defines the sensitivity of the instrument. Generation of the hysteresis window 
and sensitivity is illustrated in Figure 2-4. 

Input Impedance 

The input impedance is the impedance seen by a signal source. Input impedance on Channel A is 1 megohm, shunted 
by 60 picofarads. Input impedance on Channel B is 50 ohms. 

Linear Operating Range 

The linear operating range refers to the excursions of the input signal that can reliably trigger the input amplifier 
without distortion. The linear range of the 7220A varies between the smallest signal level acceptable by the input 
amplifier (minimum) and the largest attenuated signal that will not be clamped by the input circuits in the amplifier 
(maximum). The minimum is defined by the sensitivity specifications of the instrument. Operation within maximum 
levels for Channel A may be ensured through proper use of the ATTENUATION controls. 

Prescaling 

This is a method of extending the frequency measuring range of a frequency counter Ly dividing the input signal 
before it enters the main gate. Thus, a lower-frequency signal is obtained which is coherent with the input signal, 
and lies within a range which the counter can accept. In the 7220A, the input signals to Channel B are prescaled (or 
divided) by a factor of 1 6. To compensate for this, gate times are increased by this same factor so that the counter will 
still obtain and display an accurate count for the high frequency range. 

Resolution 

This is defined as the smallest increment of frequency recognized by the counter and thus, the smallest displayed unit 
in a measurement. In the 7220A, this unit (the least significant digit, or LSD) is defined by each combined setting of 
the CH A/CH B and RESOLUTION controls. 

Sensitivity 

This is defined as the minimum specified input signal assured of triggering the instrument, and thus being reliably 
counted. This specification is related to the hysteresis window, temperature, and the characteristics of the amplifier. 
See hysteresis. 

Trigger Level 

This is defined as the voltage level nominally halfway between the upper and lower hysteresis levels. Trigger level is set 
at OV in the 7220A and is not adjustable. 
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Table 2-4. Maximum Input Levels 



INPUT TERMINAL 


FREa RANGE 


MAXIMUM INPUT 


Channel A 


10 Hz to 5 KHz 


250V rms 


(See chart in Specifications, Table T3) 


5 KHz to 2 MHz 


Value linearly decreases from 250V rms at 
5 kHz to 5V rms at 2 MHz. 




2 MHz to 125 MHz 


5V rms 


Channel B 


100 MHz to 1300 MHz 


5V rms 


EXT REF 




3V rms 



2-24. Counter Terminology 

2-25. Table 2-3 contains definitions which are useful in 
understanding how and when to use the 7220A controls. 
These terms are used throughout the manual. 

2-26. ACCURACY 

2-27. The following paragraphs discuss some of the 
possible sources of error when making frequency meas- 
urements, and some techniques for minimizing these 
errors. 

2-28. One Count Error 

2-29. The one count ambiguity, inherent in any gate 
and counter type of frequency meter, results from an 
out-of-phase relationship between the pulse train of the 
input circuit and the pulse train from the timebase. The 
effect is demonstrated in Figure 2-5. Both Signal A and 
Signal B have a frequency of 9.5 Hz. But over the same 
gate time of 1 second, the in-phase Signal A accumulates 
10 counts, while the out-of-phase Signal B accumulates 
only 9 counts. This ambiguity can show up in the meas- 
urement as an error of +1 count. Since this affects the 
least significant digit (LSD) of the measurement, the one 
count error can be reduced by selecting a greater degree 
of resolution. The error caused by this is calculated as 
follows: 

Error = ±1 /Input Frequency 

2-30. Signal Noise, Attenuation, and Filtering 

2-31. The extreme sensitivity of the input circuitry of 
the counter can cause inaccurate counting if there is a 
significant amount of noise on a large signal. Figure 2-6a 
shows how this can occur. The input signal is much larger 
than is needed to transit the hysteresis, and the high 
frequency noise that is riding on the input signal is of a 
large enough amplitude that it can also transit the hys- 
teresis window. This causes the extra count shown in 



Figure 2-6a. This extra count can be eliminated by proper 
use of the attenuation controls. As illustrated in Figure 
2-6b, the input signal and the noise have been attenuated 
so that the noise does not transit the hysteresis window 
and correct counting takes place. 

2-32. Incorrect counting can also take place if the input 
signal is overattenuated. In this case, the input signal may 
be reduced so that it does not always transit the hysteresis 
window, thus leaving out counts. This is often indicated 
by an unstable, fluctuating display. 

2-33. If the Channel A input signal being measured is 
below 100 kHz, the 100 kHz low pass filter can be used to 
eliminate noise that is above 100 kHz. This filter is 
switched into the Channel A input circuit whenever the 
front panel CH A/CH B FILT . 1 MHz mode is selected, 
or the Resolution Multiplier Option -351 is installed and 
the CH A/CH B RES MULT mode is selected. 

2-34. Time Base Error 

2-35. All crystal oscillator time bases drift in frequency 
and are thus subject to error. This frequency drift is due 
to fluctuation in temperature, fluctuation in line voltage, 
and crystal aging. These effects can be compared in the 
specification table in Section 1 of this manual. The grea- 
test error is due to temperature fluctuation. This can be 
reduced by maintaining a stable temperature in the 
environment in which the instrument is being used. Con- 
sideration should be given to the proximity and tempera- 
ture fluctuation of other instruments, particularly when 
stacking instruments. The instrument should also be 
allowed proper warmup time (typically 10 minutes). 

2-36. Another way to reduce time base error due to 
temperature fluctuation is to install one of the optional 
time bases described in Section 6 of this manual. Option 
-111 is designed with a temperature compensating ele- 
ment to improve accuracy, and Options -13! and -132 
house the crystal in an oven to minimize temperature 
changes. Time base error can also be reduced by using an 
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Figure 2-4. Hysteresis Window and Sensitivity 
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Figure 2-5. One Count Error 

external timebase that is more stable and accurate as an 
external reference. To connect an external timebase, 
place the REF switch on the rear panel in the EXT 
position and connect the external timebase to the 10 
MHz REF IN terminal on the rear panel. 

2-37. Total Error Calculation 

2-38. Assuming that signal noise and distortion are not 
causing false triggering and counting, frequency meas- 
urement error can be calculated using the following 
formula: 



2-39. OPERATION 

2-40. Use the following procedures to operate the 
7220A. Refer to the previous paragraphs if necessary. 
Pay particular attention to the turn-off procedure if the 
Option -010 Battery Pack is installed. 

2-41. Initial Procedure 

2-42. The following procedural checks should be per- 
formed prior to operating the 7220A. 

1 . Check that the instrument has been connected to 
appropriate line power. 

2. On the rear panel, ensure that the REF switch is 
set to INT. 

3. Set the ON/STBY switch to the ON position. 

4. Allow adequate time for instrument warmup, 
especially if an optional oven time base is installed 
(typically 10 minutes). 

5. If the Option -010 Battery Pack is installed, set 
the BAT/ LINE switch to the desired position. 

2-43. Frequency Measurements — 
CHANNEL A 

2-44. Frequencies from 10 Hz to 125 MHz can be 
counted and directly displayed using Channel A. Use the 
following procedure: 



Frequency measurement error = +1 count + time base 



1. Connect the input signal to the Channel A BNC 
connector. 












Figure 2-6. Signal Noise and Attenuation 




2. Set the CH A/CH B switch to the 125 MHz 
position. 

3. Set the RESOLUTION switch to the desired 
resolution. 

4. Adjust the ATTENUATION controls to obtain 
a stable display. Attenuating the signal to just 
above instrument sensitivity will reduce false trig- 
gering to a minimum while leaving signal strength 
high enough to ensure positive triggering. 

5. If the input signal is below 100 kHz, eliminate 
high frequency noise by setting the CH A/CH B 
switch to the FILT .1 MHz position. 

6. If the Option -351 Resolution Multiplier is 
installed and higher resolution is desired for signals 
below 10 kHz, move the CH A/CH B switch to the 
RES MULT position. The RESOLUTION switch 
is now scaled up by a factor of 1000 so that the 100 
Hz, 10 Hz, 1 Hz, and .1 Hz resolution settings are 
now .1 Hz, .01 Hz, .001 Hz, and .0001 Hz respec- 



tively. The Option -351 Resolution settings and the 
Hz measurement unit are color-coded to the RES 
MULT position by a blue band on the front panel. 

7. Read the frequency on the display and observe 
the units of measurement (MHz or Hz) to the right 
of the display. The OVFL annunciator should not 
be illuminated. 

2-45. Frequency Measurements — 

CHANNEL B 

2-46. Frequencies from 100 MHz to 1300 MHz can be 
counted and directly displayed using Channel B. Use the 
following procedure: 

1 . Connect the input signal to the Channel B BNC 
connector, 

2. To measure continuous wave signals, set the CH 
A/CH B switch to the 1300 MHz position. Meas- 
urements are taken consecutively, and the display is 
updated continuously. 
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3. To measure burst signals, set the CH A/CH B 
switch in the BURST position. The first burst signal 
that arrives at the input triggers one measurement 
cycle, and this measurement is displayed without 
being updated. Subsequent measurement cycles are 
held off while in the burst mode until the signal 
level on the input is reduced below the Channel B 
reference threshold level. This prepares the counter 
to receive, measure and display another burst signal. 
If the signal carrier level between bursts is greater 
than the Channel B reference threshold level, it will 
be necessary to externally attenuate the signal being 
measured to accomplish this. To measure burst 
signals, bursts must be present for at least 40 ms -f 
gaie time, w'here gate time = 16/ Resolution. For 
gate times, see Table 2-5. 



Table 2-5. Resolution Settings and Gate Times 



Resolution 

Setting (Hz) 


100 


10 


1 


0.1 


Resolution Multiplier 
Setting -Channel A 
only (Hz) 


0.1 


0.01 


0.001 


0.0001 


Gate Time 


(sec) — Channel A . . . 


0.01 


0.1 


1 


10 


— Channel B , . . 


0.16 


1.6 


16 


160 



2-47. Self Check Mode (CHK) 

2-48. The self-check function is used to verify the over- 
all operation of the counter, excluding time base accu- 
racy and the input circuitry. Each setting of the RESO- 
LUTION control provides a predictable display of the 10 
M Hz reference signal generated by the internal time base. 
To self-check the 7220A, use the following procedure: 

1. Set the CH A/CH B switch to CHK. 

2. Momentarily press the RESET control. The 
display should read 888888888 while RESET is 
pressed. This resets all the counters and zeros all the 
display latches. 

3. Verify correct display for each of the RESOLU- 
TION settings as defined in Table 2-6. 



Table 2-6. CHK Function Display 



RESOLUTION SWITCH 
SETTING 


DISPLAY 


0.1 Hz 


10.0000000 MHz 


1 


Hz 


10.000000 


MHz 


10 


Hz 


10.00000 


MHz 


100 


Hz 


10.0000 


MHz 



2-49. Turn Off Procedure 

2-50. When the Option -0 1 0 Battery Pack is not installed 
in the 7220A, use the following procedure to turn off the 
instrument: 

1. Set the ON/STBY switch to the STBY position. 
This will remove power from most of the circuits, 
but the transformer, regulators, and associated cir- 
cuitry will still be connected to line power. Also, if 
either of the two optional oven time bases (Option 
-131 or -132) is installed, it will receive power if the 
rear panel REF switch is set to INT. This is indi- 
cated by the front panel OVEN annunciator which 
is illuminated when an oven time base is receiving 
power. To remove power from an oven time base, 
set the rear panel REF switch to EXT. 

2. To remove line power from the 7220A trans- 
former, regulators, and associated circuitry, dis- 
connect the ac power cord. 

2-5 1 . When the Option -0 1 0 Battery Pack is not installed, 
the BAT/ LINE switch will have no effect on the opera- 
tion of the instrument. When the Option -010 is installed, 
use the turn off procedure outlined above when the 
BAT/LINE switch is set to LINE. When Option -010 is 
installed and the BAT/ LINE switch is set to BAT, use the 
following turn off procedure: 

1. Disconnect the ac line power cord, if it is not 
already disconnected. 

2. Set the ON/STBY switch to STBY. This will 
remove battery power from the instrument, but if 
either of the two optional oven time bases is 
installed, it will still receive power from the battery 
if the rear panel REF switch is set to INT. To 
remove power from an oven time base, set the rear 
panel REF switch to EXT. 
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A Message From 

John Fluke Mfg. Co., Inc. 





Some semiconductors and custom IC’s can be 
damaged by electrostatic discharge during 
handling. This notice explains how you can 
minimize the chances of destroying such devices 
by: 

1. Knowing that there is a problem. 

2. Learning the guidelines for handling them. 

3. Using the procedures, and packaging and 
bench techniques that are recommended. 



The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol 



The following practices should be followed to minimize damage to S.S. devices. 





3. DISCHARGE PERSONAL STATIC BEFORE 
HANDLING DEVICES. USE A HIGH RESIS- 
TANCE GROUNDING WRIST STRAP. 




2. KEEP PARTS IN ORIGINAL CONTAINERS 

UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY 
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5. USE STATIC SHIELDING CONTAINERS FOR 
HANDLING AND TRANSPORT 




6. DO NOT SLIDE S.S. DEVICES OVER 
ANY SURFACE 





8. WHEN REMOVING PLUG-IN ASSEMBLIES. 
HANDLE ONLY BY NON-CONDUCTIVE 
EDGES AND NEVER TOUCH OPEN EDGE 
CONNECTOR EXCEPT AT STATIC-FREE 
WORK STATION. PLACING SHORTING 
STRIPS ON EDGE CONNECTOR HELPS TO 
PROTECT INSTALLED SS DEVICES. 




9. HANDLE S.S. DEVICES ONLY AT A 
STATIC-FREE WORK STATION 

10. ONLY ANTI-STATIC TYPE SOLDER- 
SUCKERS SHOULD BE USED. 

11. ONLY GROUNDED TIP SOLDERING 
IRONS SHOULD BE USED. 



A complete line of static shielding bags and acces- 
sories is available from Fluke Parts Department, 
Telephone 800-526-4731 or write to: 



7. AVOID PLASTIC. VINYL AND STYROFOAM® 
IN WORK AREA 



JOHN FLUKE MFG. CO., INC. 
PARTS DEPT M/S 86 
9028 EVERGREEN WAY 
EVERETT. WA 98204 



PORTIONS REPRINTED 

WITH PERMISSION FROM TEKTRONIX. INC. 

AND GENERAL DYNAMICS. POMONA DIV. 



® Dow Chemical 
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3-1. INTRODUCTION 

3-2. The theory of operation of the 7220A Frequency 
Counter is presented on two levels. The first is an overall 
functional description of the 7220A. This is followed by a 
detailed analysis of the logic and circuits of each major 
functional element in the counter. The text is supported 
in this section by functional block diagrams, tables, sim- 
plified circuit diagrams, and by the complete instrument 
schematics in Section 8 of this manual. 



3-3. OVERALL FUNCTIONAL DESCRIPTION 
3-4. Introduction 

3-5. The 7220A Frequency Counter is designed to meas- 
ure a wide range of frequencies with two possible input 
channels. Channel A allows the lower range measure- 
ment, and includes a selectable 100 kHz low pass filter. 
Channel B allows higher range prescaled frequency meas- 
urement up to 1300 MHz. The Channel B BURST mode 
allows measurement of high frequency bursts up to 1300 
MHz. A self check mode is also provided to check the 
internal circuitry of the counter. There are several resolu- 
tion settings that can be selected, as well as an optional 
resolution multiplier that is fully described in Section 6 of 
this manual. 

3-6. Basic Counter Block Diagram 

3-7. To understand the operation of the 7220A, it is 
helpful to first look at the basic operation of a digital 
electronic frequency counter. The basic elements of the 
counter are shown in Figure 3-1. The frequency of a 
signal can be described by the equation f = n/t, where f is 
the average frequency found by accumulating n cycles of 
the signal over the time period t. The frequency meas- 
urement is accomplished by counting the number of 



cycles n of the unknown signal over a period t, which is 
precisely established by a very accurate reference time 
base and time base dividers. This procedure is illustrated 
in Figure 3-1. 

3-8. The input signal is applied to the signal conditioner 
which conditions the signal to a form that is compatible 
with the internal circuitry of the counter. The signal 
conditioner also shapes the signal into a square wave, 
which is then presented to the main gate for counting. 

3-9. The main gate is the heart of the counter, for when 
it is open, it allows the preconditioned input signal to pass 
through and be counted. In some counters, there is a 
separate logic gate whose only function is to serve as the 
main gate. In the 7220A, however, the main gate function 
is served by the First Counter flip flop in the counter 
series. T o “open” or “close” the main gate actually means 
this First Counter FF is being enabled or disabled. The 
amount of time the First Counter FF is enabled is called 
the gate time. The First Counter FF is enabled or dis- 
abled by the main gate flip flop which responds to output 
pulses from the time base dividers. 

3-10. The events required to make a frequency meas- 
urement occur as follows: The operator selects the meas- 
urement resolution desired. This tells the time base 
dividers how long the First Counter FF is to be enabled, 
or in other words, what division factor to apply to the 
time base reference frequency. The time base dividers 
trigger the main gate flip flop which enables the First 
Counter FF, beginning the gate time. While the counters 
count the unknown frequency, the time base dividers 
divide the reference frequency by the factor selected. 
When this is completed, the main gate flip flop is trig- 
gered again. This disables the First Counter FF, ending 
the gate time, and the measured signal is displayed. The 
timing for these events is presented in Figure 3-1. 
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3-11. FUNCTIONAL BLOCK DIAGRAM 

3- 1 2. Major functional areas of the 7220 A are shown in 
Figure 3-2. The operation of each block is described in 
the following paragraphs. 

3-13. Measurement Controls 

3-14. The measurement controls consist of the Resolu- 
tion Control and the Function Control. These are the 
front panel RESOLUTION and CH A/CH B slide 
switches, and their function depends on the position of 
the switch. The Resolution Control supplies decimal 
point placement information to the display decoder, and 
measurement range information to the main time base 
divider. The Function Control supplies mode selection 
information to the Control Logic and the Input Select. 

3-15. Control Logic 

3- ! 6. The Control Logic governs the sequence of events 
in the counter, including the time base division and 
counting. It receives information from the Function con- 
trol, including burst and reset modes. It generates reset 
commands for the Main Time Base Divider and the 
accumulators, and it clears the Main Gate Flip Flop. It 
also generates the strobe command for the display 
latches. 

3-17. Time Base and Dividers 

3-18. The Time Base generates the 10 MHz reference 
signal w'hich is used to provide the precise timing needed 
for the internal signal counters. The 10 MHz is generated 
by the standard internal oscillator, one of the optional 
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TCXO or oven oscillators, or by an external time base 
whose signal is applied at the rear panel of the instru- 
ment. The Time Base Dividers receive measurement 
range instruction from the Resolution Control. They 
divide the 10 MHz by the proper amount to provide the 
Control Logic and First Counter FF with the proper 
timing needed to generate the actual required gate signal. 

3-19. First Counter Flip Flop and Main Gate 
Flip Flop 

3-20. As mentioned in the previous section on the basic 
counter block diagram, some counters have a separate 
logic gate (sometimes called the “main gate") whose only 
function is to allow or prevent passage of the unknown 
frequency into the counters to be counted. In the 7220A, 
however, this main gate function is served by the First 
Counter FF, which is the first counter in the counter 
series. While the First Counter FF is enabled, the 
unknown frequency is counted, but while it is disabled, 
no counting takes place. The interval during which the 
First Counter FF is enabled is called the gate time. The 
First Counter FF is enabled or disabled by the Main Gate 
FF, which operates through the Gate Synchronizer FF. 
The First Counter FF responds to instructions from the 
Control Logic and the Time Base Dividers. 

3-21. Counters 

3-22. There are nine decade BCD counters that tally the 
number of counts received while the First Counter FF is 
enabled, and present the information to the Display 
Latch and Multiplexer function. The first decade BCD 
counter is actually a series of four flip flops, the first of 
which is the First Counter FF described above. 
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3-23. Input Select 

3-24. The Input Select responds to instruction from the 
Function Control, and it supplies the First Counter FF 
with one of four possible input signals. When CH A is 
selected, the squared signal from the Channel A Signal 
Conditioner is used as the input. When CH B is selected, 
the shaped and prescaled signal from Channel B is the 
input. If the optional RES MULT is selected, the input is 
the Channel A input signal multiplied by 1000. Finally, 
withCHK selected, the 10 MHz time base signal serves as 
the input. 

3-25. Channel A Signal Conditioners 

3-26. Channel A can receive input of 10 Hz to 125 MHz. 
The ac-coupied signal can be filtered or attenuated, and is 
passed into a preamplifier, where it is squared and condi- 
tioned before being presented to the Input Select. 

3-27. Resolution Multiplier Option -351 

3-28. The optional Resolution Multiplier provides 
XI 000 multiplication of Channel A input frequencies 
from 10 Hz to 10 kHz by means of a phase-locked loop. 
More counts can therefore be accumulated during gate 
times, and this effectively increases the resolution. This 
option is fully described in Section 6 of this manual. 

3-29. Channel B Signal Conditioners 

3-30. The 100 MHz to 1300 MHz input signal is 
received through Channel B, and prescaled or divided by 
a factor of 16. For example, a 1200 MHz input signal is 
actually seen by the counters as a 1200/16 = 75 MHz 
signal. To compensate for this prescaiing of the fre- 
quency, there is a special Channel B time base divider {the 
Binary Divider) which increases the gate time by this 
same factor of 1 6, thus increasing the count accumulated 
so that the correct reading of 1200 MHz is actually dis- 
played. The Channel B signal is also amplified and 
buffered in this block before prescaling, 

3-31, The input circuits are on a hybrid which also, 
contains a threshold detector. The input signal is com- 
pared to an adjustable reference threshold signal level, 
and if it is equal to or greater in amplitude, then the 
detector enables the Control Logic to initiate the coun- 
ter’s measurement cycle. If the input signal is below the 
reference threshold, the Control Logic inhibits the meas- 
urement cycle of the counter. When the Channel B 
BURST mode is selected, the B Enable notifies the Con- 
trol Logic when an input is detected. 

3-32. Self Check 

3-33. The purpose of this block is to provide a way of 
checking counter operation without applying external 



signals. It applies the 10 MHz signal from the time base of 
the counter to the clock input. Since the measurement is 
based on the counter’s own time base, the input signal 
conditioners are not checked, but correct operation can 
be verified for the Time Base Dividers, the Main Gate FF, 
the Counters, the Control Logic, the Display Latch and 
Multiplexer, and the Display. 

3-34. Display Latch and Multiplexer 

3-35. The Display Latch and Multiplexer takes the 
accumulated data and presents the multiplexed strobe 
and data information to the Display function and the 
Digital Interface Option -521. 

3-36. Display 

3-37, The Display is a 9 digit LED display with decimal 
point. There are also 3 LED annunciators which provide 
information about the gate time interval, display over- 
flow, and optional oven time base power. 

3-38. Digital Interface Option -521 (DIO) 

3-39. The Digital Interface supplies the data to the bus 
lines for use directly with a companion printer or with an 
1120A Translator for IEEE-488 compatibility. When 
used with the I120A Translator, the Interface PCB 
Assembly Option -522 must be installed in the 1 120A. 
When properly connected with Option -522 and the 
I I20A, the Digital Interface allows remote sampling of 
instrument measurements, reset control, and selection of 
single or continuous measurements. 

3-40. LOGIC AND CIRCUIT ANALYSIS 
3-41. Power Supply 

3-42. The 7220A uses conventional ac to dc rectifying, 
filtering and regulating techniques to obtain the +5V, 
-5V, +12V, -12V, and Channel B -I.8V operating volt- 
ages. The 7220A is fuse protected at the ac line connec- 
tion by fuse FI. The ac power enters through the rear 
panel power connector and passes to the voltage selection 
switches S4 and S5 on the primary side of transformer 
Tl. Correct configuration of S4 and S5 allows accom- 
modation of line voltages of lOOV, 1 20V, 220V, or 240V. 
Information about the procedure for changing voltage 
selection can be found in Section 4. The secondary side of 
Tl feeds full wave rectifier bridges CRl and CR2, which 
provide the unregulated +12V, -12V, +5V, and -5V sup- 
plies. The +I2V and -12V are regulated by regulators U40 
and U42. The +5V passes through the adjustable regula- 
tor U4I. The three regulated lines then pass to the front 
panel ON/ STB Y switch. 
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3-43. Since the 7220 A has no separate ac power switch, 
ac power is always applied to the transformer, bridges, 
and regulators when the power cord is connected. When 
the ON / STB Y switch is in the ON (depressed) position, 
power is supplied to the internal circuits. When the 
ON/STBY switch is in the STBY position, power is 
removed from the internal circuits, but is supplied to any 
optional oven time base that is installed (when the rear 
panel REF switch is set to INT) to eliminate the need for 
oven warm-up time. The front panel OVEN LED annun- 
ciator indicates that an oven time base is receiving power. 

3-44. The regulated +5V line passes to the front panel 
BAT/ LINE switch. When the Battery Pack Option -010 
is not installed, the position of the BAT / LINE switch has 
no effect on instrument operation. Refer to Option -010 
in Section 6 for a discussion of the battery option cir- 
cuitry. The Channel B high speed counter -1.8V voltage 
regulation is described in the Channel B Signal Condi- 
tioner section. 

3-45. Channel A Signal Conditioners 

3-46. The Channel .A signal conditioners consist of volt- 
age divider attenuators, current limiters, a high imped- 
ance FET buffer, and a preamplifier IC that consists of a 
differential input amplifier, a Schmitt trigger, and ELC 
and TTL logic drivers. As can be seen in Figure 3-3, the 
Channel A signal enters at the front panel BNC and 
passes to the main voltage dividers, resistors R 1 and R2, 
which provide attenuation of X 10. The XIO attenuation 
can be selected by positioning the front panel ATTEN- 
UATION slide switch. The signal then passes through the 
current limiting and clamping network consisting of 
resistors R3 and R4, and diodes CRl and CR2. This 
limits the signal presented to the gate of the high imped- 
ance buffer, FET Ql, to 1.2V p-p. Q1 is a low frequency 
device, so capacitor C5 provides a high frequency path 
around it. The signal is ac-coupled through C6 to one 
input of the differential input amplifier on the preamp IC, 
Ul. A dc return path is provided by R7. 

3-47. PREAMP IC 

3-48. Most of the signal conditioning lakes place in the 
preamp IC U 1. U I is enabled by the front panel Function 
control when one of the three Channel A modes is 
selected, and is off when Channel A is not in use, Ul 
requires +5V and -5V power supplies for operation. The 
+5V supply passes through choke LI before arriving at 
UL The -5V supply is obtained from the three terminal 
regulator U2, which drops a -12V supply to the required 
-5V. 

3-49. The amplifier in Ul has a dynamic operating 
range which is well beyond the 1 .2V p-p range allowed by 
the signal clamps R3, R4, CRI and CR2. Normally, the 



amplifier has a 3 dB bandwidth which ensures adequate 
handling of Channel A’s 10 Hz to 125 MHz input signal 
range. For low frequency signals, however, a low pass 0 
to 100 kHz filter can be switched in by selecting front 
panel CH A/CH B position CH A FILT (if the Resolu- 
tion Multiplier Option -351 is installed, the CH A RES 
MULT position will also switch in the filter). This turns 
on transistor Q2, which switches capacitor CI2 into the 
amplifier circuit. The value of Cl 2 determines the low 
pass filter bandwidth, which in this case is 100 kHz. 

3-50. The amplifier trigger level is adjusted by potenti- 
ometer RIO. The RIO setting is an internal adjustment, 
and is adjusted during instrument calibration lo compen- 
sate for the amplifier offset. This procedure can be found 
in the Calibration Adjustments in Section 4, Variable 
attenuation of Channel A signals can be achieved by 
adjusting R12, which controls the gain of the amplifier. 
RI2 is actually the upper attenuation control which is 
accessible from the 7220A front panel. R12 allows a 
variable attenuation range up to XIO, and when used in 
conjunction with the X 10 step attenuator, allows a total 
attenuation range of XI 00. 

3-51. SCHMITT TRIGGER 

3-52. As can be seen in Figure 3-3, the signals pass from 
the amplifier to the Schmitt trigger, where the waveform 
is shaped into a pulse train suitable for counting. The 
width of the hysteresis window can be varied by adjusting 
R1 1. This is an internal adjustment, and proper adjust- 
ment procedure is described in the Calibration Adjust- 
ments in Section 4. 

3-53. The ECL driver on Ul drives Channel A ECL 
(thus the mnemonic AECL) and complementary ECL 
(AECL) logic level signals to the Input Select for count- 
ing. The TTL driver is powered only when the CH A/CH 
B switch is in the RES MULT mode, and it provides 
Channel A TTL (ATTL) logic level signals for the Reso- 
lution Multiplier Option -351. The Resolution Multiplier 
multiplies the low frequency signals by 1 000, and presents 
the XIOOO signal to Input Select for counting, thus 
increasing signal resolution. Resolution Multiplier oper- 
ation is described more fully in Section 6. 

3-54. Channel B Signal Conditioners and 
Prescaler 

3-55. The 100 MHz to 1300 MHz Channel B signals are 
amplified, prescaled (divided by 16), and buffered before 
being presented to the 7220A Main Gate for counting. As 
can be seen in Figure 3-4, the amplification and first stage 
of frequency division takes place in the hybrid, U4. Also 
shown in Figure 3-4 is the threshold detect ircuitry 
which indicates whether a valid Channel B input signal is 
present or not, and a tracking regulator which maintains 
a constant 6.8V across the signal dividers. 
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Figure 3-3. Channel A Signal Conditioners 
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Figure 3-4. Channel B Conditioners and Prescaler 
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3-56. The Channel B input signals enter through the 
front panel BNC connector and pass through fuse F2, 
which provides voltage overload protection for the input 
circuitry. A spare, unconnected fuse, F3, is also located 
on the main PCB. The signals enter the high frequency 
four-stage amplifier on U4. The amplifier provides 
approximately 40 dB gain, and presents the signal to the 
high speed divider on U4 for prescaling. 

3-57. PRESCALING 

3-58. The purpose of prescaling is to extend the meas- 
urement range of the frequency counter by prescaling or 
dividing the input signal down to the operating range of 
the counters in the frequency counter. To compensate for 
this signal division, the First Counter FF is enabled 
longer so the proper number of counts are accumulated. 
This is described in detail in the theory of operation 
regarding the time base dividers. The Channel B 100 
MHz to 1300 MHz input signals are prescaled by a factor 
of 16. This is accomplished by a very high speed divide- 
by-four ECL prescaler mounted on the hybrid. U4, and a 
second divide-by-four ECL prescaler, U3. The two pre- 
scalers are ac-coupled, and are shown in Figure 3-4. U3 
has complementary outputs that provide ECL level sig- 
nals to U2A, whi ch buff ers them, and presents the Chan- 
nel B ECL level (BECL) signal to the Input Select. 

3-59. HIGH SPEED COUNTER VOLTAGE 
REGULATION 

3-60. The high speed divide-by-four prescalers (one is 
mounted on the hybrid U4, and the other is U3) are 
sensitive to voltage fluctuation, and must be supplied 
with a constant 6.8V to operate properly. This is particu- 
larly important if the 7220A is being operated with bat- 
tenes, since the voltage supply levels will sometimes drop. 
The 6.8V voltage regulation is accomplished by the track- 
ing regulator U39 and transistor Q4. U39 tracks the +5V 
supply line, and operates with Q4 to supply the two 
prescalers with a constant 6.8V below the +5V line (or 
-1.8V). The 6.8V difference can be calibrated by adjusting 
potentiometer R 14. See the Calibration Adjustments sec- 
tion in Section 4 for the proper procedure. When the 
7220A front panel CH A/CH B switch is not in either of 
the two Channel B modes, transistor Q5 acts as a power 
switch that turns off U39, and transistors Q2 and Q3 act 
as power switches to remove the +12 supply from U4. 
Thus the Channel B input circuitry is off when not in use. 

3-61. THRESHOLD DETECT CIRCUIT 

3-62. In the absence of an input signal, the high-speed 
divide-by-four prescaler on U4 will oscillate, thus supply- 
ing an erroneous signal which would be counted and 
displayed by the frequency counter if not eliminated. To 
prevent this from happening, a threshold detect circuit is 
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provided which determines whether an input signal is 
being applied that is above a preset reference level or 
threshold. If an input signal is above the threshold, then it 
is allowed to pass on through to the Input Select for 
counting and display. If, however, the input signal is 
below the threshold, the oscillation signal is squelched, or 
suppressed, and not allow'ed to pass through to the Input 
Select. 

3-63. As can be seen in Figure 3-4. the threshold detect 
circuit begins on the hybrid, U4. U4 contains the thres- 
hold detector circuitry which tops the input signal 
between the third and fourth amplifier stages and passes a 
detector out level (Det Out) and a detector reference level 
(Det Ref) to the inputs of the comparator UlO. The 
threshold or detector reference level is determined by the 
setting of a potentiometer, the Squelch Adjust, which is 
located on U4. The correct procedure for setting the 
Squelch Adjust can be found in Section 4 under Calibra- 
tion Adjustments. 

3-64. UlO compares Det Out with Det Ref. Either of 
two situations can arise: In the first case, if the Det Out is 
more positive than the Det Ref (indicating a signal above 
threshold), the output of UIO is high. Transistor Q6 
inverts the high by turning on, thus presenting a logic low 
to the D input of U7, an edge-triggered D flip flop. Since 
both set and clear are tied high, U7 presents a logic low to 
the buffer U2B when it is clocked by a Reset pulse from 
the Control Logic Sequencer. U2B produces an ECL low 
signal which is tied to the output of buffer U2A. Since the 
outputs of U2A and U2B are wired together, they form a 
logic OR. In this case, with an E CL low signal from U2B, 
the prescaled Channel B signal (BECL) from U2B passes 
through unhindered to the Input Select circuitry. 

3-65. In the second case, however, the outcome is just 
the opposite. When the Det Out is less positive than the 
Det Ref, (indicating a signal is below threshold), the 
output of the comparator is iow'. Q6 inverts this to a high, 
which is passed by the D flip flop to buffer U2B. U2B 
produces an ECL high signal which is joined to the U2A 
output. This ECL high overrides any erroneous signal 
from the freely oscillating prescaler. Thus, until a valid 
input signal is present, no signal will be counted or dis- 
played. The function of the B Enable (BE) is described in 
the section on the Control Logic Sequencer. 

3-66. Input Select 

3-67. There are four possible input sources to the 7220A 
First Counter FF. As can be seen in Figure 3-5, each of 
the four possible sources are applied to one of the NOR 
gates on U8, a quad 2-input NOR gate. The gate sources 
are the prescaled Channel B signal (CH B/16), the 10 
MHz timebase signal, the Channel A signal with the 
Resolution Multiplier Option -351, and the Channel A 



7220A 




ENABLE 



INPUT SOURCE 




signal without the Resolution Multiplier. Depending on 
which Function is selected by the 7220A front panel CH 
A/CH B switch, the appropriate source is enabled by a 
logic low signal from the Function logic, and is applied to 
the First Counter FF for counting. 

3-68. Time Base Dividers 

3-69. The 7220A Time Base Dividers provide the accu- 
rate timing needed for the gate time intervals, as well as 
the clock for the Gate Synchronizer, and the scan rate for 
the Control Logic Sequencer. This is accomplished by 
dividing the 10 MHz reference signal from the time base 
according to instructions received from the CH A/CH B 
and RESOLUTION Controls. 

3-70, As shown in Figure 3-6, there are three time base 
dividers: the Decade Divider, the Binary Divider, and the 
programmable Main Divider. The Decade Divider 
receives the 10 MHz time base signal and divides it to 1 
MHz and 100 kHz. The 100 kHz signal is sent to the Gate 
Synchronizer, and is explained in the section about the 
Gate Synchronizer. The 1 MHz can follow one of two 
paths, depending on which Function is selected on the 
7220A front panel Function Control switch. For Channel 
A modes, the 1 MHz is sent directly to the Main Divider. 

3-7 1. For Channel B modes, the I M Hz goes first to the 
Binary Divider where it is divided by 16 before being sent 
to the Main Divider. The 1/16 MHz division compen- 



sates for Channel B signal prescaling. The high frequency 
input signals coming into Channel B are prescaled 
(divided) by a factor of 16 to the operating range of the 
counters. To compensate for this slower input signal, the 
gate times are increased by the same factor of 16 (see 
Table 3-1) by dividing the Main Divider clock signal to 
1/16 MHz. Therefore, even though the Channel B signal 
is divided by 16 by the time it reaches the First Counter 
FF, the gate times are 16 times longer, so the 7220A will 
count and display the proper frequency. The Binary 
Divider also provides the 61 Hz Scan Rate for the Con- 
trol Logic Sequencer, U32, a decade ring counter. The 6 1 
Hz is approximate, for it is actually I MHz divided by 
214 

3-72. MAIN DIVIDER 

3-73. The actual counting of the gate time intervals 
takes place in the Main Divider, U20. The Main Divider 
consists of a series of decade counters which can be 
selected according to binary code information received 
on the RNG 1 and RNG 2 lines. RNG 1 and RNG 2 are 
controlled by the front panel RESOLUTION Control 
setting, and they select the counting range for U20, and 
thus the gate time. This operation is outlined in Table 3- 1 . 
For example, assume the Resolution selected is 10 Hz. 
Then RNG I will be 1, RNG 2 will be 0, and the U20will 
be programmed to count to 100,000. For Channel A 
mode, the 1 MHz clock is used, so it will take 100,000/ 1 
MHz or 0. 1 seconds for U20 to count to 100,000. This 0. 1 
second time interval is the gate time. 
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Figure 3-6. Time Base Dividers and First Counter FF 
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3-74. For Channel B mode, the 1 / 16 MHz clock is used, 
so it takes 16 times longer for U20 to count up to 100,000. 
This means the 10 Hz Resolution gate time is 16 times 
longer for Channel B than for Channel A, or 1 .6 seconds 
instead of 0.1 second. As can be seen in Table 3-1, the 
Resolution Multiplier Option -351 does not affect the 
range or gate times, but instead multiplies very low fre- 
quency Channel A signals by 1000, which has the effect of 
increasing the Resolution by 1000. This is described in 
detail in the Option -35 1 information in Section 6 of this 
manual. 

3-75. FIRST COUNTER FF 

3-76, The First Counter FF is enabled or disabled by a 
sequence of events which begins with the Control Logic 
Sequencer, and involves the Main Divider, the Main 
Gate FF, and the Gate Synchronizer. The operation of 
the Control Logic Sequencer is described in detail else- 
where in this section. The timing of the event sequence 
can be seen in Figure 3-7. 

3-77. The event sequence which opens the Main Gate 
begins with the Q2 pulse from the Control Logic 
Sequencer. As can be seen in Figure 3-6, Q2 clears the 
Main Gate FF, and is inverted and applied to the R Max 
of the Main Divider, U20. When R Max receives a posi- 
tive pulse, it resets the U20 counters to all 9’s. R Max is 
normally held high, holding the U20 counters at all 9’s, 
but when the inverted (low) Q2 pulse arrives, it releases R 
Max, allowing the counters to be advanced by the time 
base clock. On the negative edge of the next clock pulse 
into U20, the counters advance to all O’s, generating an 
Out pulse through the TTL buffer (which is needed to 
raise the U20 MOS signal to TTL) and then on to the 
Main Gate FF, U 1 3, where it sets the U 1 3 Q output at 1 . 



This is applied to the Gate Synchronizer, which enables 
the First Counter FF (beginnging the gate time) and 
allows the unknown signal to pass on to the counters. 

3-78. At the same time, the U 1 3 Q output goes to 0 and 
is applied to the Sequence Inhibit (U31, pin 8). Jhe 
Sequence Inhibit prevents the Sequencer from advancing 
for the duration of the gate time by holding off the Scan 
Rate clock. Meanwhile, U20 counts up to the range 
selected, and when the U20 counters reach their full count 
and again advance to all O’s, another Out pulse is gener- 
ated and applied to the Main Gate FF, U13. U13 is a 
toggle mode, so the Q output toggles to 0. This is applied 
to the Gate Synchronizer, which disables the First Coun- 
ter FF (thus ending the gate time) and_^tops the counting 
of the unknown input signal. The U 1 3 Q output toggles to 
1, releasing the Sequence Inhibit, and allowing the Con- 
trol Logic Sequencer to resume its sequence advance on 
the next Scan Rate pulse. 

3-79. GATE SYNCHRONIZER 

3-80. The purpose of the Gate Synchronizer is to re- 
store the time base accuracy to the timing sequence 
before it reaches the First Counter FF, Since the Main 
Time Base Divider. U20, is a MOS device, by the time it 
completes its input clock division and clocks the Main 
Gate FF, the signal may not be as accurate as the refer- 
ence time base. The Main Gate FF presents a signal on 
the D input of the Gate Synchronizer, a D FF, but the 
Gate Synchronizer does not pass the signal on to the 
First Counter FF until it is clocked by a 100 kHz signal 
that comes from the Decade Time Base Divider. This 1 00 
kHz signal has been divided from the 10 MHz reference 
time base, so time base accuracy is restored to the timing 
sequence, and the gate times are as precise as the time 
base signal. This sequence can be seen in Figure 3-7. 



Table 3-1. Resolution Control Range and Gate Time 



RESOLUTION Setting (Hz) 
Channels A and B 


100 


10 


1 


0.1 


RES. MULTIPLIER Setting (Hz) 
Channel A only 


0.1 


0.01 


0.001 


0.0001 


RANGE CONTROL RNG 1 


0 


1 


0 


1 


RNG 2 


0 


0 


1 


1 


U20 Main Time Base 
Division Factor 




10^ 


10^ 


10^ 


GATE TIME (sec.) CH A 


0.01 


0.1 


1 


10 


CH B 


0.16 


1.6 


16 


160 
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3-81. A time delay is present between the time the D 
input is received and the next edge of the 100 kHz signal 
docks the Gate Synchronizer. This same delay occurs at 
the trailing edge of the gate time. The effect is to bring the 
gate signal into time sync with the time base clock, and 
thus remove the time jitter introduced by the MOS 
divider chain. 

3-82. Control Logic Sequencer 

3-83. The Control Logic for 7220A operation is pro- 
vided by the Control Logic Sequencer, U32, a decade ring 
counter. U32 operation is outlined in Figure 3-8 and 
Table 3-2, and a timing diagram is provided in Figure 3-7. 
The Sequencer advances through a ten-step sequence at a 
Scan Rate of approximately 61 Hz which is provided by 
the Binary Time Base Divider. Each of the 10 counts 
(Q0-Q9) has a separate output, and is normally low 
except during its respective decimal time slot, when it 
goes high. 

3-84. B ENABLE AND BURST FF 

3-85. In order to understand the operation of the Con- 
trol Logic Sequencer, it is necessary to understand the 
operation of the BURST Logic, which includes the B 
Enable and the BURST FF. 

3-86. When the Channel B BURST mode is selected by 
the front panel CH A/CH B switch, the 7220A is 
designed to wait until a signal input above threshold is 
present on Channel B, then allow one pass through the 
measurement cycle from Q0-Q9. During this one cycle, it 
will count and display the input signal, and then hold that 
display without update until another burst occurs. This is 
done by enabling the Clock Enable on the Sequencer (CE, 
U32, pin 13) for one measurement cycle, and then 
disabling the Clock Enable. 

3-87 . Disabling the Clock Enable involves the B Enable 
(BE) line, which is tied to the collector of Q6 (see Figure 
3-4). When a Channel B input signal above threshold is 
present, comparator UlO is high, turning on Q6, which 
puts a low signal on BE. BE is then inverted to BE, and 
BE is applied to the BURST FF, U21 A (see Figure 3-8), 
The high BE clocks U21 A, and the U2I A Q is low, which 
enables the Clock Enable and allows the measurement 
cycle to start, beginning at state QO. At the end of the 
measurement cycle, the leading edge of the Q9 pulse 
clears U2I A, which sends the U2IA Q high, disabling the 
Clock Enable. No further measurement cycles will take 
place until BE goes low at the end of the burst and then 
high again with the next burst. 
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3-88. As can b e see n in Figure 3-8, the Function Con- 
trol supplies the BST line to the Set inputof U21 A. In the 
BURST mode, BST is low and U2I A is not set. B ut in a 
non-BURST mode, U21A is set by the high BST, which 
causes the low Q to enable the Clock Enable all the time, 
thus allowing continuous measurement cycles to occur in 
non-BURST modes. 

3-89. In order for there to be a measurement in the 
BURST mode, the BURST signal must be present for a 
minimum length of time (for gate times see Table 3-1): 

Minimum Burst = Gate time + 40 ms 

3-90. SEQUENCE INHIBIT 

3-9 1 . There are two ways of preventing the U32 Sequen- 
cer from advancing. One is by means of the Clock Enable 
input on U32 and the BURST FF as described earlier. 
The other is by externally disabling the clock. As can be 
seen in Figure 3-8, the 6 1 Hz Scan Rate clock is applied to 
the Sequence Inhibit function. The Sequence Inhibit also 
has inputs from the Main Gate FF and the Digital Inter- 
face Option -521 (DIO). The Main Gate FF disables the 
Scan Rate clock in state Q2 during the gate time interval. 
The DIO can disable the Scan Rate clock in state Q5. The 
Sequencer will then be held in state Q5 until a Reset is 
generated. The operation of the Main Gate FF is 
described in more detail in the previous First Counter FF 
description. The DIO is described in the section on the 
Sequence Count Cycle (state Q5) and in Section 6 of this 
manual. 

3-92. SEQUENCE RESET 

3-93. The high signal on the U32 Reset input will reset 
the Sequencer to its first (QO) count. The Reset may be 
generated by the front panel Reset control, by remote 
operation through the Digital Interface Option -521, or 
by an out-of-lock signal from the Resolution Multiplier 
Option -351. The operation of the options is described in 
more detail in Section 6 of this manual. 

3-94. SEQUENCE COUNT CYCLE 

3-95. The count cycle (states Q0-Q9) for the U32 
Sequencer is described in the following paragraphs. 

3-96. States QO and Q1 

3-97. The Sequencer U32 count cycle is outlined in 
Table 3-2. The count cycle begins with the QO state. As 
shown in Figure 3-8, QO does several things: it resets the 
accumulators, it clears U21B, and it applies a low to the R 
Max on the Main Time Base Divider, U20, releasing R 
Max. 
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Figure 3-8. 7220A Control Logic 
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Table 3-2. Sequencer Count Cycle 





FUNCTION MODE 


sea 


CHANNEL A 


CHANNEL B NON-BURST 


CHANNELS BURST 


STATE 




with signal 
above threshold 


with signal 
below threshold 




QO 


Clear Main Gate FF 
Reset Accumulators 

Remove U20 R Max {But no gate because Main Gate FF held clear) 


Ql 


Nothing happens 








Q2 


BE high, so U21B does not set, thus removing 
U20 R Max, and allowing Main Gate FF to 
enable Ul, beginning gate time. Sequencer 
inhibited by Main Gate FF Q until end 
of gate time. At end of gate time. 

Sequencer resumes. 


BE low, so U218 sets, 
which holds Main 
Gate FF clear and Ul 
disabled throughout 
sequence states ✓ 


Same as Channel A 


Q3 


Nothing happens 








Q4 


M Measurement Update strobes latches into 
accumulator, then display 


(No measurement, so 
no display) 




Q5 


BY Busy signal to DIO Option -521 | ' 

Also, DIO Remote Sequence Inhibit possible j | 


Q6-Q8 


Nothing happens 


i 

1 

1 

1 




Q9 


Nothing happens i 

1 

1 

t 

1 


Resets BURST FF U21A, 
which only allows one 
pass through Q0-Q9, 



3-98. A high pulse to R Max will reset U20 counters to 
ail 9’s. The counters are held at all 9’s as long as R Max is 
held high. When R Max goes low, or is "released,” then 
the next clock pulse to U20 will advance the U20 coun- 
ters. As can be seen in Figures 3-7 and 3-8, R Max is 
released by QO. This allows the next clock pulse into U20 
to advance the counters to all O’s, which generates a pulse 
on the Out line and docks the Main Gate FF. However, 
the Main Gate FF does not respond to the clock signal at 
this time because it is being held clear by the Q2 output of 
U32, which is low while QO is high. At the next Scan Rate 
pulse, U32 advances to Q1 which causes U20 to reset to 
all 9’s, but nothing else happens during Ql. 

3-99. State Q2 

3-100. The First Counter FF can be enabled or disabled 
during the Q2 state. As shown in Table 3-2, the events 
that occur during Q2 depend in part on the Function 
control mode selected. If the Channel B non-BURST 
mode is selected, the Channel B input signal determines 



whether or not the gate opens. There are two possible 
cases. In the first case, if an input signal below threshold 
is detected by the Threshold Detect Circuit (as described 
in the section on Channel B signal conditioners), then BE 
(B Enable) goes low and U2IB will set. This will hold the 
Main Gate FF clear, so that the First Counter FF will not 
be enabled and no measurement takes place. 

3-101. In the second case, if an input signal above thres- 
hold is detected by the Threshold Detect Circuit, then BE 
goes high and U21B will be reset by QO. As shown in 
Figure 3-8, Q2 will release R Max, The next clock pulse 
into U20 turns the counters over to all O’s, generating an 
Out pulse which clocks the Main Gate FF, U13. This 
sends UI3 Q low. inhibiting the Sequencer, and sends 
U 1 3 Q high, which is presented at the D input to the Gate 
Synchronizer, U7, The next 100 kHz clock pulse into U7 
clocks U7, which enables the First Counter FF. Ul, 
beginning the gate time, and allows the input signal to be 
counted. U20 counts up to the range selected by the 
RESOLUTION setting, and again turns over to all O’s, 
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generating an Out pulse which clocks U 1 3. The Q output 
of UI3 goes low, and is presentcjd at the U7 D input. At 
the next 100 kHz dock pulse, U7Q goes high and disables 
the First Counter FF, UI, ending the gate time. Mean- 
while, U13 Q goes high and removes the Sequence 
Inhibit, allowing the next 61 Hz pulse to advance the 
Sequencer to state Q3. 

3-102. As shown in Table 3-2, when Channel B BURST 
and Channel A are selected, the Sequencer follows the 
same steps as when the Channel B non-BURST is 
selected and an input signal above threshold is detected. 
Channel A follows these steps because diode CR7 pulls 
the BE line low, which makes it look like the Channel B 
non-BURST mode with an input signal above threshold. 

3-103. States Q3 and Q4 

3-104. Nothing happens in theQ3 state. In the Q4 state, 
the M Measurement Update is generated, which strobes 
the count into the latches and allows the count to be 
displayed. 

3-105. State Q5 

3-106. In the Q5 state, a busy signal is sent to the DIO 
Option -521 (if installed), which tells the remote interface 
that a measurement cycle is in progress. As mentioned in 
the section about the Sequence Inhibit, the Sequencer 
can also be held in state Q5 by commands fr om the DIO. 
Figure 3-8 shows how this works. When the REM line is 
true, the counter’s measurement cycle can be controlled 
by an external controller operating through the -522 and 
-521 Options (see Section 6) and controlling the SC line. 



3-107. When REM is low and SC is high, the Sequencer 
is allowed to go through one measurement cycle begin- 
ning at state QO. When state Q5 occurs and is applied to 
U3 1 B along with the high SC, the Sequence Inhibit pre- 
vents the Scan Rate clock from advancing the Sequencer. 
The Sequencer remains in state Q5 until a Re set (S T) 
command is generated through the DIO. When REM is 
low and SC is low, the Sequencer will pass through the 
measurement cycle continually. This is because the low 
SC line does not allow the Q5 to remove the Scan Rate 
clock from the Sequencer. When REM is high, the switch 
U37 grounds the SC line, thus preventing Q5 from inhib- 
iting the Scan Rate clock from the Sequencer. The 
Sequencer will pass through the measurement cycle con- 
tinually if not in the BURST mode. 

3-108. States Q6 Through Q9 

3-109. Nothing happens in states Q6, Q7, and Q8. As 
mentioned before, when the Channel B BURST mode is 
selected, state Q9 will reset the BURST FF. This allows 
only one Q0-Q9 measurement cycle to take place. The 
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Reset command must be generated to allow another meas- 
urement cycle to take place in the BURST mode. 

3-110. Nine Digit Count and Display 

3-111. The 7220A nine digit display capacity is pro- 
vided by nine decade counters, with appropriate latch, 
multiplex, driver and display circuitry. Most of the coun- 
ter, latch and multiplexing capability is provided by U 1 5. 
As can be seen from Figure 3-9, U 15 provides six of the 
nine decade counters, as well as the latches and multiplex- 
ing for the first eight digits. The other three decade coun- 
ters are external to U15, and the ninth (most significant) 
digit has its own counter, latch, multiplexer, and control 
logic to insert the ninth digit information onto the bus 
lines to the digit and LED segment drivers. 

3-112. COUNTERS AND LATCHES 

3-113. The counter which supplies the data for the least 
significant digit is actually composed of four J-K flip- 
flops. The first Counter FF, Ul, a very high speed ECL 
J-K FF, also serves the gating function for the 7220A. Its 
clock input is the unknown signal to be measured, and it 
is enabled or disabled by the Gate Synchronizer, U7, via 
the J and K inputs. The First Counter FF is also de- 
scribed in the section on Time Base Dividers. 

3-1 14. When the gate signal enables Ul, its Q and Q 
outputs pass the divided-by-two signal to the transistor 
differential pair, Q7 and Q8. Transistors Q7 and Q8 
translate the U I ECL level signal to TTL, and pass it to 
the next three J-K FF’s, which collectively divide the 
signal by five and provide the rest of the BCD data for the 
least significant digit. The carry of the last FF passes to 
the next BCD decade counter which provides BCD data 
for the second least significant digit. As shown in Figure 
3-9, the first two digits of BCD data pass into U 15 to be 
latched. The BCD decade counters for the third through 
the eighth digits are contained in U 1 5. The carry from the 
eighth digit counter passes outside U 1 5 to the ninth (most 
significant) digit BCD counter. When U 15 and the ninth 
digit latch receive the M Measurement Update pulse 
from the Control Logic Sequencer, the eight internal 
latches of U 15 and the ninth digit latch open and receive 
the BCD data from the counters. 

3-115. MULTIPLEXING AND DISPLAY 

3-1 16. The timing for the digit strobing and the LED 
segment BCD data strobing is outlined in Figure 3-10. 
During display operation, the Buffer/ LED drivers for 
the nine digits are powered one at a time, beginning with 
the most significant digit, DS9, on through to the least 
significant digit, DSl. The multiplexer follows the same 
sequence to select the proper latch, and presents the BCD 
data to the BCD-to-Seven-Segment Decoder/ Driver, 
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Figure 3-9. Counter and Display Logic 
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which selects the LED segments required to configure the 
proper value for that digit to display. The LED segment 
bus line of the Decoder/ Driver is connected to all nine 
digits in the display, but the only digit that lights up is the 
one selected and powered at that time by its digit strobe. 

3-1 17. As shown in Figure 3-10, the length of the digit 
strobe is slightly less than the length of time the BCD data 
is presented. Both the leading and trailing edge of the 
data strobe are protected in this way to ensure that the 
BCD data is displayed by the proper digit strobe. 

3-118. U15 .Vlultiplexing 

3-119. Multiplexer U 1 5 provides the digit strobing and 
BCD data multiplexing for digits eight (the second most 
significant) through one (the least significant). The ninth 
digit strobing and multiplexing is provided by separate 
circuitry, and is described later under Ninth Digit Logic. 
The strobing and multiplexing of U 1 5 is accomplished by 
an interna! scan counter. The scan counter is driven by an 
internal oscillator whose frequency is determined by the 
value of capacitor C30 and resistor R61. The oscillator 
frequency is approximately 1.2 kHz. As can be seen in 
Figure 3-10, the scan counter advances on the negative 
edge of the oscillator signal, and it steps through the 
digits in sequence, from DS8 to DSI. 

3-120. Ninth Digit Logic 

3-122. The purpose of the Ninth Digit Control Logic, 
which is shown in Figure 3-1 1, is to generate the ninth 
digit strobe (DS9, the most significant digit), and to insert 
DS9 and the ninth digit BCD data into the U15 scan 
sequence. The control logic receives input from the oscil- 
lator, blanking, and DS 1 of U 1 5. At the end of DS 1 , the 
control logic generates DS9, and SR, the Scan Reset. 
DS9 is applied to the Buffer/ LED Driver, and also to the 
Ninth Digit Multiplexer, which routes the BCD data 
from the ninth digit latch to the LED segment Driver. 

3-122. SR forces the Scan Counter of U 15 to the eighth 
digit state, where it is held until SR is released. During 
SR, the multiplexing function of U15 is held off, 
although its internal oscillator continues to run. U15 is 
also held in state DS8, but DS8 is not desired at this time, 
since DS9 is being strobed. To prevent DS8 from being 
applied to the Buffer/ LED Driver, SR is inverted and 
tied to DS8 to remove it (in Figure 3-1 1, S8 is the UI5 



output at pin 2, while DS8 is the effective digit strobe seen 
by the Buffer/ LED Driver). The Ninth Digit Control 
Logic holds DS9and SR for one period of the oscillator, 
then releases them. Now U 15 resumes its scan sequence, 
beginning with DS8, and continues through the sequence 
until the completion of DSI, when the Ninth Digit Con- 
trol Logic again inserts DS9. 

3-123. Display Blanking Logic 

3-124. The purpose of the Display Blanking Logic is to 
suppress all but one leading zero occurring in the display. 
The Display Blanking Logic operation is outlined in 
Figure 3-12. Flip-flop U35A examines the nine digits 
from the left (Digit 9, the MSD) to the right (Digit 1 , the 
LSD), and will suppress all but one leading zero. U35A is 
used as an R-S FF. While it is set, it blanks U 17, the LED 
Segment Driver, and will continue to blank U 1 7 until it is 
cleared. It is set during DS9 and will be cleared by one of 
two things: (1) Any non-zero BCD data preceding the 
decimal point; 2) The BL (blanking) output of U15 if a 
zero is to precede the decimal point. If a clear input to 
U35A occurs during DS9, it will override the set input 
and allow display of DS9. 

3-125. Decimal Point Placement 

3-126. The purpose of the Decimal Point Placement 
Logic is to get the decimal point turned on during the 
proper digit strobe time so it appears in the correct place 
in the display. Depending on its position, the front panel 
RESOLUTION switch puts +5V on one of the lines DPI, 
DP2, DP3, or DP4. U38 is an analog switch which con- 
nects any one of these 4 lines (or none of them) to the base 
of the decimal point driver, Q9. This is shown in Figure 
3-13. The digital multiplexer U26 connects one of two 
possible sets of digit strobes to the control lines of analog 
switch U38. One combination of digit strobes is con- 
nected when using the Resolution Multiplier Option 
-351, and another is selected when in any of the other 
Functions, giving the two sets of possible decimal point 
locations. As digit strobe pulses appear at the analog 
switch control inputs, C1-C4, the corresponding input 
DP 1-DP4 is connected to the output. When the input line 
with +5V on it is connected to the output, the decimal 
point lights in the correct position of the display. Table 
3-3 presents a list of Resolution settings and the corres- 
ponding Digit Strobes during which the decimal points 
appear. 
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Figure 3-13. Decimal Point Selection 



Table 3-3. Decimal Point Digit Strobes 



RESOLUTION 


DIGIT STROBE 




RESOLUTION 


DIGIT STROBE 


Without Resolution Multiplier 






With Resolution Multiplier 




MULT = 


0 






MULT = 1 




MULT = 


1 






MULT = 0 




100 


Hz 


DS5 




0.1 Hz 


DS2 


10 


Hz 


DS6 




0.01 Hz 


DS3 


1 


Hz 


DS7 




0.001 Hz 


DS4 


0.1 


Hz 


DS8 




0.0001 Hz 


DS5 
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Section 4 

Maintenance 



WARNING 

THESE SERVICING INSTRUCTIONS ARE FOR USE BY QUALIFIED 
PERSONNEL ONLY. TO AVOID ELECTRIC SHOCK, DO NOT PER- 
FORM ANY SERVICING OTHER THAN THAT CONTAINED IN THE 
OPERATING INSTRUCTIONS UNLESS YOU ARE QUALIFIED TO DO 
SO. 



4-1. INTRODUCTION 

4-2. This section of the manual provides information 
concerning warranty, general maintenance, performance 
tests, calibration and troubleshooting for the 7220A Fre- 
quency Counter. Test Equipment recommended for per- 
formance tests, calibration, and troubleshooting is listed 
in Table 4-1 . If the recommended equipment is not avail- 
able, equipment with equivalent specifications may be 
used. 

4-3. SERVICE INFORMATION 

4-4. The instrument is covered by a warranty for a 
period of I year from the time of delivery to the original 
purchaser. The WARRANTY is located on the back of 
the title page of this manual. 

4-5. Factory authorized calibration and service for each 
Fluke product is available at various world wide loca- 
tions. A complete list of these service centers is included 
in Section 7 of this manual. If requested, an estimate will 
be provided to the customer before any work is begun on 
instruments that are beyond the warranty period. 

4-6. GENERAL MAINTENANCE 

NOTE 

To avoid contaminating the pcbs with oil 
from the fingers, handle the pcbs by their 
edges or wear gloves. If a pcb does become 
contaminated, refer to the cleaning procedure. 



4-7. Disassembly 

4-8. To disassemble the instrument, use the following 
procedure; 

1 . Press the power switch to STBY, and remove the 
line power cord. 

2. On the case bottom, remove the six securing 
screws. Two of these screws will be found in the 
middle of the case along the side, under the latches. 
To access either middle screw, as shown in Figure 
4- 1, alternately push the two latching rails away 
from the triangular stop. Pull the latch out far 
enough to reveal and remove the screws. 

NOTE 

Do not hold the case bottom while lifting off 
the case top, as this could result in damage to 
the Main PCB. The Main PCB is still 
attached to the case bottom by a screw in the 
middle of the board. 

3. In the front, press down on the BNC input con- 
nectors, while gently pulling up on the case top lip. 
In the rear, press down on the BNC connectors, 
while pulling up on the top case lip. Alternating 
between front and back panels, pry the case top free 
from the rest of the instrument. 
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Table 4-1. Required Test Equipment 



EQUIPMENT TYPE 




REQUIRED SPECIFICATIONS 


RECOMMENDED 

TYPE 


Oscilloscope 


Dual trace, DC-200 MHz wide band 


Tektronix 475 


High Frequency Signal Generator 


1-1300 MHz at a level of IV rms. 

^ o 

Time base 1x10 per day. 


HP 8660 


Low Frequency Signal Generator 


5 Hz-10 MHz at a level of IV rms. 
Time base 1 x 10"^ per day. 


John Fluke 601 1A 


Variable AC Power Supply 


Variable voltage from 0-250V ac. 


Variac 


Frequency and Time Standard 


Aging rate of 5 x 10~^^ per day or 
less. 


HP 5061A 


Digital Multimeter (DMM) 


AC volts 0-250V ac. 

DC volts 0-20V dc with accuracy 
± 0. 1% of reading ± 1 digit. 

Resistance 0 - infinity. 


John Fluke 8020A 


Variable RF Attenuator 


0-50 dB over 0-1 500 MHz range. 


Weinschel AD-117A 


RF Voltmeter 


1 25 MHz, 4 mV rms - 5V rms. 


Boonton 92-BD 


50 Ohm Terminators (2) 
BNC Tee 


Impedance match the 7220A. 


GR 874 


Oscilloscope Probe 


X10, DC-125 MHz 


Tektronix P6055 




Figure 4-1, Latch Removal 
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NOTE 

For most test and calibration procedures, 
stop at this step. If continuing beyond this 
step, take special note of Step 4. 

4. Remove the single screw at the middle of the 
Main PCB, and separate the case bottom. 

5. To remove the Front Panel Assembly (A2) from 
the Main PCB Assembly, first puli off the following 
switch buttons in the lower left corner of the front 
panel: 

a. ON - STBY (green) 

b. BAT - LINE (white) 

c. RESET (blue) 

6. Gently lift the Front Panel Assembly away from 
its 40 square-pin connector (left) and guide pin and 
3 square pins (right). The Channel B input coax 
cable may be disconnected from the Main PCB by 
pulling its connector straight up from the Main 
PCB. 

NOTE 

Avoid bending any of the connector square 
pins on the Main PCB. After removing the 
Front Panel Assembly, examine the pins and 
straighten any that are bent before reconnect- 
ing the Front Panel Assembly. 

7. If it is necessary to separate the Front Panel PCB 
from the front panel, remove the following items: 

a. Front panel Channel A BNC nut. 

b. Front panel variable attenuator knob. 

c. Mounting screw by the power switch holes 
(accessible from rear of PCB). 

d. Mounting screw by the variable attenuator 
trimpot R12 (accessible from rear of PCB). 

NOTE 

When the front panel is separated from the 
Front Panel PCB, there are no stops to pre- 
vent the slide switch actuators from moving 
beyond their proper position. Care must be 
taken to keep them in position. 



8. To remove the rear panel, first remove the top 
and bottom case covers. If the Option -521 PCB has 
been installed, it must be detached from its Main 
PCB connector before the rear panel can be re- 
moved. Remove the two rear panel mounting 
screws that attach the heat sink to the Main PCB 
(see Figure 4-8). Carefully pul! the bottom of the 
rear panel outward so it can clear the REF switch, 
and firmly pull the rear panel straight up, pulling 
the leads of the 3 regulators (U40, U4I and U42)out 
of their sockets. 

9. Refer to Section 6 of this manual when removing 
any optional assemblies. 

4-9. Reassembly 

4-10. For reassembly, the disassembly procedures can 
generally be followed in reverse order. Keep the following 
considerations in mind: 

1. When reinstalling the Front Panel Assembly, 
care should be taken not to bend the connector 
square pins, and to align the three square pins on 
the right side so they correctly engage their sockets. 

2. When reinstalling the rear panel, care should be 
taken not to bend the regulator leads. Also, be sure 
to firmly tighten the mounting screws that connect 
the heat sink to the Main PCB. The regulator leads 
will not be firmly seated unless these screws are 
firmly tightened. 

3. When reconnecting the top and bottom case 
halves, ensure that the Front and Rear Panels fit 
into their appropriate grooves in the case top half. 
Slide the top half into place uniformly. Firmly 
squeeze top and bottom together (at front and 
rear), and reinstall the six securing screws. 

NOTE 

Proper RFI shielding depends on top and 
bottom case halves being securely mated. 

4-11. Input Power 

4-I2. Input line voltage is selected by positioning the 
two switches in the right rear corner of the Main PCB. 
Each switch (S4 and S5) shows a position identifying red 
or white dot. Line voltage settings identified by dot color 
are presented in Figure 4-7. Factory line voltage settings 
of lOOV, 120V, 220V, or 240V are identified on the rear 
panel of the instrument. When changing the line voltage, 
refer to the Power Supply Adjustment under the Calibra- 
tion Adjustments section. 
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4-13. Fuse Replacement 

WARNING 

BEFORE ATTEMPTING FUSE REPLACE- 
MENT, REMOVE LINE POWER FROM THE 
INSTRUMENT. 

4-14. The 7220A line power fuse FI is accessible on the 
rear panel, and fuse requirements are marked on the rear 
panel beside the fuse holder. A 1 /4A (slo-blo MDL Fluke 
#166306) fuse is required for line inputs of lOOV or 120V, 
and a 1 /8A (slo-blo MDL Fluke #166488) fuse is required 
for line inputs of 220V or 240V. If fuse replacement is 
necessary, disconnect the 7220A from line power and 
remove the fuse cap and fuse (twist the fuse cap ccw using 
a screwdriver), and replace the fuse. 

4-15. The Channel B input is fuse-protected by fuse F2, 
a 2/ lOA plug-in fuse (Fluke #370577) which is plugged 
into the Main PCB next to the Channel B coaxial cable. 
There is also a spare Channel B fuse, F3, which is plugged 
into the Main PCB in front of the transformer TI. Both 
of these fuse locations can be seen in Figure 4-8. To 
remove F2 or F3, remove the top and bottom case halves 
from the Main PCB. Firmly work the fuse straight out 
from its socket. 

4-16. Cleaning 

4-17. Clean the instrument periodically to remove dust, 
grease and other contamination. Use the following 
procedure: 

CAUTION 

Do not use aromatic hydrocarbons or chlori- 
nated solvents for cleaning. They will react 
adversely with plastic materials used in manu- 
facture of the Instrument. 

1. Clean the front panel and case with soft cloth 
dampened with a mild solution of detergent and 
water. 

2. Clean the surface of the PCBs using clean, dry 
air at low pressure (=20 psi). If grease is encoun- 
tered, spray with Freon T.F. Degreaser or anhy- 
drous alcohol and remove grime with clean, dry air 
at low pressure. 

4-18. PERFORMANCE CHECKS 

4- 1 9. The Performance Checks are used to compare the 
performance of the instrument with the Specifications 
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given in Section 1. The Performance Checks are recom- 
mended as an acceptance test when the unit is first 
received, and later as a calibration procedure to verify 
instrument accuracy at the scheduled calibration periods. 
It is also useful as an aid in troubleshooting. All of the 
Performance Checks other than the Time Base Check 
should be performed every 90 days. The Time Base Check 
should be performed as often as the desired Specification 
requires. Should the instrument fail any portion of the 
Performance Checks, calibration and/or repair may be 
needed. Refer to Table 4- 1 when specific test equipment is 
required. 

4-20. initial Set-up 

4-21. The following controls should be in the indicated 
positions prior to conducting any Performance Check. 

1. On the rear panel of the 7220A, set the REF to 
INT. The line power cord should be connected to 
line power. 

2. On the front panel of the 7220A, set the controls 
as follows: 



ON./STBY ON 

BAT/ LINE LINE 

RESOLUTION 10 Hz 

CH A/CH B CHK 



VAR. ATTENUATION Fully CCW 
STEP ATTENUATION XI 

3. Set CH A/CH B to CHIC. Verify the display as 
listed in Table 4-2. 

4. Observe that the display resets each time the 
RESOLUTION or CH A/CH B switches are 
changed. 

To verify the operation of the RESOLUTION MULTI- 
PLIER mode, see the Performance Check in Section 6. 



Table 4-2. Display Check 



FUNCTION 


RESOLUTION 


DIGIT DISPLAY 


125 MHz 


100 Hz 


0.0000 


125MHz 


10 Hz 


0.00000 


125 MHz 


1 Hz 


0.000000 


125MHz 


0.1 Hz 


0.0000000 


CHK 


100 Hz 


10.0000 


CHK 


10 Hz 


10.00000 


CHK 


1 Hz 


10.000000 


CHK 


0.1 Hz 


10.0000000 
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4-22. Time Base and Time Base Output Check 

4-23. Use the following procedure to check the accu- 
racy of the time base and the operation of the INT REF 
OUT circuitry: 

NOTE 

To check the time base, the source of the input 
signal must have an accuracy greater than 
that of the time base. Refer to Table 4~3 for 
the maximum allowable time base error, ami 
refer to Table 4-1 for the recommended Fre- 
quency and Time Standard. 

1. Set the 7220A controls as listed in the Initial 
Set-up except for the following changes. 

RESOLUTION 0.1 Hz 

CH A/CH B 125 MHz 

2. Connect a 10 MHz Frequency standard to the 
Channel A input terminal. 

3. Verify that the display reading on the 7220A is 
10 MHz ± the maximum allowable count error. 
Table 4-3 lists the maximum allowable count error 
at 10 MHz (and 0. 1 Hz resolution) for each of the 
four time bases available for use with the instru- 
ment. The maximum allowable count error can be 
computed for any input signal by multiplying the 
frequency of the input signal by the total time base 
accuracy (given in Table 4-3) and adding the ±1 
count error to the product. 

4. Connect the oscilloscope to the REF OUT ter- 
minal on the 7220A rear panel through as short a 



length of RG-58 cable as possible. The oscilloscope 
end of the test cable must have a 50 ohm termina- 
tion. Be sure the 7220A rear panel REF is set to 
INT. 

5. Verify that the signal displayed on the oscillo- 
scope is 10 MHz. 

4-24. Channel A Input Sensitivity Check 

4-25. Use the following procedure to verify that Chan- 
nel A input sensitivity lies within the Specifications given 
in Section i: 

1. Set the 7220A controls as listed under Initial 
Set-up except for the following changes: 

Rear panel: REF EXT 

Front panel: CH A/CH B 125 MHz 

2. Connect the 7220A and test equipment as illus- 
trated in Figure 4-2. 

3. Verify that correct readings are displayed for the 
input signals and voltage levels listed in Table 4-4. 

NOTE 

The stability of counter readings will be no 
greater than the stability of the Signal 
Generator. 

4. Set the 7220A RESOLUTION to 0. 1 Hz. Apply 
a Channel A input signal of 125 MHz at 100 mV 
rms. Following a 10 second gate time, verify that 
the display is 25 MHz and that the OVFL LED is 
lit. 



Table 4-3. Time Base Performance Check 



TIME BASE TYPE 


FREE AIR 


1 PPM TCXO 
OPTION -111 


OVEN 

OPTION -131 


OVEN 

OPTION -132 


Total Time Base 
Accuracy* 

Maximum Allowable 
Deviation** 

(with 10 MHz input) 


±56 X 10"’ 
±56.1 Hz 


±15.0 X 10”^ 
±15.1 Hz 


±2.2 X 10"^ 

±2.3 Hz 


±8.4 X 10"^ 
±0.9 Hz 


* Includes aging rate per month, temperature effects, line voltage variation. 

* *Allowable deviation in Hz is found by multiplying the input frequency ( 10 MHz in this case) by the total accuracy, and 


adding f count error. These figures apply when in 0. 1 Hz resolution. 
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Figure 4-2, Channel A High Frequency Input Sensitivity Check 



Table 4-4. Channel A High Frequency Table 4-5. Channel A Low Frequency 

Input Sensitivity Sensitivity 



RESOLUTION 


INPUt 

SIGNAL 


VOLTAGE 

(rms) 




10Hz 


— 




1000 Hz 


■SSH 




50 kHz 


10 mV 




1 MHz 


10 mV 


10 Hz 


10MHz 


10 mV 









INPUT SIGNAL 


VOLTAGE (rms) 


50 MHz 


10 mV 


100 MHz 


15mV 


125 MHz 


25 mV 



5. Set the 7220A RESOLUTION to 10 Hz. Apply a 
Channel A input signal of 125 MHz at 25 mV rms. 
While varying the input signal voltage level from 25 
mV rms to I V rms, observe a correct display of 1 25 
MHz at all voltage levels. 



4-26. Channel A Filter Check 

4-27. Use the following procedure to verify that the Channel 
A 100 kHz low pass filter operates properly; 



6. Disconnect the High Frequency Signal Genera- 
tor and R F voltmeter from the 7220A, and connect 
the Low Frequency Signal Generator as shown in 
Figure 4-3. 

7. Verify that correct readings are displayed for the 
7220A RESOLUTION settings, input signals and 
voltage levels listed in Table 4-5. 




Figure 4-3. Channel A Low Frequency, Filter, and 
Attenulation Check 



1. Set 7220A controls as listed under Initial Set-up 
except for the following changes: 

RESOLUTION 1 Hz 

CH A/CH B 125 MHz 

2. Connect the 7220A and test equipment as illus- 
trated in Figure 4-3. 

3. Apply a 1 MHz signal at 10 mV to the Channel A 
input. 

4. SetCH A/CH BtoFILT.l MHz. Observe that 
the display reads 0.000000 MHz with the input 
signal voltage level the same as in Step 3. 

5. Gradually increase the input signal level until the 
7220A again correctly displays 1.000000 MHz 
(± time base error ±1 count). Verify that the input 
signal voltage level is 33 mV to 61 mV. 



4-6 



7220A 

















4-28. Attenuation Check 



4-29. Use the following procedure to verify proper 
operation of the 7220A variable and step attenuators: 

1. Connect the 7220A and test equipment as illus- 
trated in Figure 4-3. 

2. Set the 7220A controls as listed under the Initial 
Set-up e.Kcept for CH A/CH B which should be set 
to 125 MHz. Be sure the attenuators are set as 
follows: 

VAR. ATTENUATION Fully CCW 
STEP ATTENUATION XI 

3. Apply a 1 M Hz signal to the Channel A input at 
10 mV. Verify that the display is 1 MHz. 

4. Change the STEP ATTENUATION to XIO. 
Verify that the display goes to 0.00000 MHz. 

5. Change the input signal level to 100 mV. Verify 
that the display is 1 MHz. 

6. Change the VARIABLE ATTENUATION to 
fully CW. Verify that the display goes to 0.00000 
MHz. 

7. Change the input signal level to IV. Verify that 
the display is 1 MHz. 

4-30. Channel B Operation and BURST Check 

4-31. Use the following procedure to verify that the 
Channel B non-BURST and BURST modes operate 
properly: 

NOTE 

All signal levels in (his section are actual 
levels. Attenuator settings may he different 
depending on the calibration of the High Fre- 
quency Signal Generator output level. 

1. Connect the 7220A and test equipment as illus- 
trated in Figure 4-4. Set 7220A controls as listed 
under Initial Set-up except for the following 
changes: 

Rear panel REF INT 

Front panel CH A/CH B 1300 MHz 

2. Set the High Frequency Signal Generator to 600 
MHz with 0 dBm output, and set the attenuator to 
25 dB. Verify that the 7220 A displays 600 MHz. 




Figure 4-4. Channel B Check 



3. Set the attenuator to 31 dB. Verify that the 
GATE LED turns off and that the display is 
0.00000 MHz. 

4. Set theCH A/CH B switch to 1300 BURST. Set 
the High Frequency Signal Generator to 800 MHz 
with 0 dBm output, and set the attenuator to 32 d B. 

5. Press and then release the 7220A front panel 
RESET switch. Verify a display of 0.00000 MHz 
and that the GATE LED is not flashing. 

6. Set the attenuator to 22 dB. Verify that the 
7220A gates once and only once, resulting in a 
display of 800 MHz. 

7. Remove the attenuator and connect the High 
Frequency Signal Generator directly to the Chan- 
nel B input. Set the CH A/CH B switch to 1300 
MHz. 

8. Verify that correct readings are obtained at the 
input signal frequencies and voltage levels listed in 
Table 4-6. 



Table 4-6. Channel B Input Signals 



INPUT SIGNAL 


INPUT VOLTAGE 


50 MHz 


5 mV 


600 MHz 


5 mV 


1000 MHz 


10 mV 


1300 MHz 


40 mV 



4-32. External Clock Input Check 

4-33. Use the following procedure to verify proper 
operation of the 7220A rear panel External Clock input. 

I . Set the 7220A controls as listed under the Initial 
Set-up except for the rear panel REF switch, which 
should be set to EXT. 
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2. Press and release the front panel RESET and 
verify the counter reads 0.00000 MHz. 

3. Connect the Low Frequency Signal Generator 
to the 7220A rear pane! 10 MHz REF IN input as 
indicated in Figure 4-5 (the 50 ohm terminator must 
be connected as shown). 



3. Apply a 5 MHz 100 mV rms input signal to 
Channel A. Observe a display of 5 MHz. 

4. Set the CH A/CH B to CHK. Observe the dis- 
play for at least 30 seconds and verify that there is 
never a reading other than 10.00000 MHz (±time 
base error ±1 count). 



4. Apply a 10 MHz 300 mV signal from the Low 
Frequency Signal Generator, and verify that the 
7220A is gating and the display is 10 MHz. 

5. Set the 7220A rear panel REF switch to INT and 
verify the 7220A is gating and the display is 10 
MHz. 




Figure 4-5. External Clock Input Check 



4-34. Crosstalk Check 

4-35, Use the following procedure to verify that there is 
no signal crosstalk under normal operating conditions. 

1. Connect the 7220A and test equipment as illus- 
trated in Figure 4-6. 

2. Set the 7220A controls as listed under the Initial 
Set-up except for CH A./CH B which should be set 
to 125 MHz. 



1 
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Figure 4-6. Crosstalk Check 



4-36. CALIBRATION ADJUSTMENTS 

4-37. These procedures should be performed whenever 
the instrument has been repaired or fails to pass the 
Performance Checks. Refer to Table 4-1 when test 
equipment is required. Unless otherwise specified, refer 
to the disassembly instructions in the Genera! Mainte- 
nance section and remove the top half of the instrument 
case. 



4-38, Power Supply Adjustment 

4-39. Use the following procedure to adjust the regu- 
lated +5V power supply, to check the regulated +5V, 
+ 12V, and -12V power supplies, and to adjust and check 
the Channel B 6.8V tracking regulator. This procedure 
should be followed after replacement or repair of the 
power supply. Line voltage selection of lOOV, 1 20V, 
220V, or 240V is provided by switches S4 and S5. S4 and 
S5 are located on the right rear of the Main PCB, and 
their position is indicated by a red or white dot. Line 
voltage selection and the corresponding switch configu- 
ration is illustrated in Figure 4-7. 



NOTE 

See Figure 4-8 for location of test points and 
trimpots referred to in this procedure. 

1. At the ac input receptacle of the 7220A, use the 
DM M to measure the resistance between the ground 
pin (center pin) and the chassis. The resistance 
should be less than 0.1 ohm. 

2. Use the DMM to measure the resistance between 
the two 7220A line voltage pins and the chassis. The 
resistance should be infinite. 

3. Set the variable transformer to OV and connect 
to line power. Connect the 7220A line power cord 
to the variable transformer. 

4. Set the 7220A controls as follows: 

Rear panel REF INT 

Front panel ON /STB Y ON 

BAT/ LINE LINE 




I 




I 

I 




t 






»■ 

I 
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S5 




S4 


100 V 


WHITE 




WHITE 


120 V 


RED 




WHITE 


220V 


WHITE 




RED 


240V 


RED 




RED 




Figure 4-7. Line Voltage Selection 



5. Refer to the voltage selection guide in Figure 4-7 
and position S4 and S5 to select the line voltage at 
which the 7220A is to be operated. 

6. Slowly raise the variable transformer voltage to 
the line voltage selected. 

7. Connect the DMM positive lead toTP3, and the 
negative lead to E 1 (or any other common ground). 

8. While observing the DMM display, adjust R69 
to obtain 5.00 +.0 1 V dc. This adjusts the +5V regu- 
lated power supply. 



9. Using the DMM and an ac coupled oscilloscope, 
check the power supply outputs for the tolerance 
ranges and maximum ripple voltages as given in 
Table 4-7. In each case the DMM positive lead and 
the oscilloscope probe should be connected to the 
test points listed, and the negative lead connected to 
El (or any other common ground). 

10. Lower the variable transformer voltage to the 
selected line voltage minus 1 0% (for example, if the 
line voltage selected in Step 5 was 120V, now lower 
the variable transformer voltage to 108V). 

11. Repeat Step 9. 

12. Raise the variable transformer voltage to the 
line voltage selected in Step 5 plus 10%. 

13. Repeat Step 9. 



NOTE 

Steps 5 through 13 may be performed to 
adjust the +5 V regulated power supply and to 
check the power supplies for any line voltage 
selected. Before changing the positions of S4 
and S5, he sure to reduce the variable trans- 
former voltage to OV. 



14. Be sure S4 and S5 are in the proper position, 
and return the variable transformer voltage to the 
line voltage selected. 

15. Set the 7220A CH A/CH B control to 1300 
MHz. Connect the DMM positive lead to TPS and 
the negative lead to TP9. 

16. While observing the DMM display, adjust R14 
to obtain 6.80 ± .05 V dc. This adjusts the Channel B 
6.8V tracking regulator. 

17. Set the 7220A CH A/CH B control to 125 
MHz. Use the DMM to verify that the voltage 
between TPS and TP9 is now 0.2 + 0. 1 V dc. 



Table 4-7. Power Supply Levels 



TESTPOINT 


SUPPLY 


TOLERANCE 


MAXIMUM 

RIPPLE 


TP3 


+5V 


to.oiv 


50 mV p-p 


TP1 


+12V 


±0.5V 


50 mV p-p 


TP2 


-12V 


±0.5V 


50 mV p-p 
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4-40. Channel A Trigger Level Adjustment 

4-41. Use the following procedure to adjust the Chan- 
nel A Trigger Level Adjustment: 

1. Using appropriate BNC adapters, connect the 
Low Frequency Signal Generator and the rf volt- 
meter with a 50 ohm terminator to the Channel A 
input of the 7220 A. This is illustrated in Figure 4-9. 

2. Set the 7220A controls as follows: 



Rear panel 


REF 


INT 


Front panel 


ON/ STB Y 


ON 


BAT/LINE 


LINE 


RESOLUTION 


10 Hz 


CH A/CH B 


125 MHz 


VAR. ATTENUATOR 


Fully CCW 


STEP ATTENUATOR 


XI 



3. Apply ! MHz at 10 mV rms to Channel A. 
Adjust RIO Trigger Adjust trimpot (located on the 
top of A2, the Front Panel PCB; see Figure 4-10) if 
necessary to obtain a reading of 1.00000 MHz 
(±time base error ±1 count). Reduce input voltage 
level and continue to adjust R 10 to obtain the cor- 
rect display, but do not reduce the voltage level 
below 4.7 mV rms. 

4. If RIO cannot be adjusted to obtain the correct 
reading at the 4.7 mV rms input level, adjust it 
midway between fully CW and fully CCW. Turn 
the R 11 Hysteresis Adjust trimpot (located on the 
right rear of A2, the Front Panel PCB; see Figure 
4-10) fully CW. Then slowly turn R1 1 CCW until 
the correct reading is displayed. 

NOTE 

Do not turn Rll CCW beyond the point 
where the correct reading is first displayed. 






Figure 4-9. Channel A Trigger Level Adjustment 




Figure 4-10. Front Panel PCB Adjustment Location 
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5. Recheck RIO as in Step 3. 

6. Recheck Rl 1 as in Step 4. 

7. Decrease the input voltage level to 4.25 mV rms. 
Verify that the 7220A displays unstable, fluctuating 
readings less than 1. 00000 MHz. If the display still 
indicates I.OOOOO MHz (+ time base error ±1 count), 
repeat Steps 4-6. 

4-42. Channel B Squelch Adjustment 

4-43. Use the following procedure for the Channel B 
Squelch Adjustment: 

I. Connect the 7220A and test equipment as indi- 
cated in Figure 4-1 1. 




Figure 4-11. Channel B Squelch Adjustment 



2. Set the 7220A controls and indicators as follows: 



Rear panel 


REF 


INT 


Front panel 


ON/STBY 


ON 


BAT/LINE 


LINE 


RESOLUTION 


10 Hz 


CH A/CH B 


1300 MHz 


VAR. ATTENUATOR 


Fully CCW 


STEP ATTENUATOR 


XI 



3. Set the High Frequency Signal Generator to 600 
MHz at 0 dBm, and the attenuator to 29 dB. 

4. Turn the Squelch Adjust trimpot (located on the 
Channel B hybrid IC, U4; see Figure 4-8) fully 
CCW. Then adjust the trimpot CW until the 7220 A 
displays 600 MHz. 

5. Change the attenuator to 3 1 dB. Verify that the 
GATE LED turns off and that the display is 

0.00000 MHz. If the 7220 A still displays 600 MHz, 



repeat Steps 4 and 5 until the 7220A displays 600 
MHz at 29 dB attenuation, and 0.00000 MHz at 31 
dB attenuation. 

4-44. Standard Time Base Calibration 

4-45. Calibration should be made whenever the time 
base is repaired or replaced, or when it is determined that 
the instrument accuracy is not within the Specifications 
given in Section I. The following procedure is to be used 
for calibration of a standard time base. Calibration 
procedures for any of the optional time bases (Options 
- 1 1 1 , - 1 3 1 , or - 1 32) are provided in Section 6. The calibra- 
tion should be performed in an environment having an 
ambient temperature between 20° and 30° C (68° and 
86° F). 

NOTE 

The 7220 A must be operating for at least 
thirty minutes with top and bottom covers on 
before this procedure is followed. 

1, Set the 7220 A controls as follows: 



Rear panel 


REF 


INT 


Front panel 


ON/STBY 


ON 


BAT/LINE 


LINE 


RESOLUTION 


1 Hz 


CH A/CH B 


125 MHz 


VAR. ATTENUATION 


Fully CCW 


STEP ATTENUATION 


XI 



2. Connect the 7220A and test equipment as illus- 
trated in Figure 4-12. 




Figure 4-12. Standard Time Base Calibration 
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NOTE 



Standard Time Bases are equipped with another 
trimcap on the top of the PCB for coarse adjust- 
The Low Frequency Signal Generator must ments. If your instrument has such a trimcap, refer 

be synchronized to a Standard Frequency to the Coarse Time Base Adjustment section which 

Source for this procedure. follows this section. 



3. Set the Low Frequency Signal Generator to 10 
MHz at 100 mV rms and connect it to the Channel 
A input with a 50 ohm terminator. 

4. Using a non-ferrous adjustment tool, adjust the 
oscillator trimcap to obtain a display of 10.000000 
MHz ± 57 Hz. 57 Hz is the maximum allowable 
deviation for this time base at this input frequency 
and resolution setting. The maximum allowable 
deviation can be found by multiplying the input 
frequency by the total accuracy, and adding the I 
count error (see T able 4-3). The oscillator trimcap is 
accessible through a hole at the left rear corner of 
the bottom of the 7220A (see Figure 4-13), so the 
7220A will have to be turned on its side or top to 
perform this adjustment. If the tilt bail is mounted 
in the rear, it will have to be removed. 



BOTTOM VIEW 
LEFT REAR CORNER 




Figure 4-13. Time Base Adjustment Location 



5. If adjustment does not yield the desired display, 
disconnect the 7220A line power cord, remove the 
top cover, and look at the top of the time base PCB 
(left rear corner of the Main PCB). Some of the 



6. If the time base cannot be adjusted within the 
Specifications given in Section 1 and coarse adjust- 
ment is not available, refer to Troubleshooting. 

7. After 24 hours, recheck any adjustment per- 
formed to verify stability. 

4-46. Coarse Time Base Adjustment 

4-47. Some of the Standard Time Bases have a coarse 
adjustment trimcap on the top of the PCB in addition to 
the fine adjustment trimcap which is accessible through a 
hole in the bottom of the instrument case (see Figure 
4-13). 

NOTE 

Do not perform the Coarse Time Base A djust- 
ment unless the Standard Time Base Calibra- 
tion fails to bring the instrument within the 
specifications. 

If it is determined that coarse adjustment is necessary, use 
the following procedure: 

1. Set the fine time base adjustment to midrange. 

2. Remove the 7220A top cover. 

3. Follow steps I, 2 and 3 of the Standard Time 
Base Calibration. 

4. Using a non-ferrous adjustment tool, adjust the 
coarse adjustment trimcap to obtain a display as 
close as possible to 10.000000 MHz. 

5. Install the 7220A top cover. Now perform the 
Standard Time Base Calibration. 

4-48. TROUBLESHOOTING 

4-49. Introduction 

4-50. The material in the remainder of this section is 
presented as a troubleshooting aid for technicians. If the 
instrument fails to perform as expected, select the CHK 
function. If the instrument display is incorrect, the fault is 
in the instrument; if the display is correct, the fault may 
not lie in the instrument. Check the control settings for 
the 7220A. Also check the controlsettings, function, and 
interconnections of all associated equipment. 
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4-51. Sections 2 and 3 of this manual should be read 
and thoroughly understood before attempting to trou- 
bleshoot. As an aid to the troubleshooter, three addi- 
tional subsections follow; Visual Inspection. Trouble- 
shooting Guide, and Troubleshooting Techniques. 

4-52. Whenever working with the instrument, follow 
procedures outlined on the yellow Static Awareness sheet 
located in this manual to prevent static discharge damage 
to CMOS and PMOS devices. Exercise special care when 
soldering to avoid damage to the instrument. 

4-53. The instrument uses three basic types of logic: 
ECL, TTL, and CMOS. The circuits handling high fre- 
quency signals employ Emitter-Coupled Logic (ECL). 
Circuitry using CMOS ICs operate at CMOS logic levels. 
The remainder of the instrument employs Transistor- 
Transistor Logic (TTL). Table 4-8 lists typical high and 
low logic levels for each logic type. 



Table 4-8. Typical Logic Levels 



LOGIC 

TYPE 


LOGIC 1 


LOGIC 0 


TTL 

ECL 

CMOS 


>2.4V 

>4.1V 

>3.5V 

{>70% of supply) 


<0.6V 

<3.2V 

<1.5V 

{<30% of supply) 



2. The instrument turns on, but the problems seem 
to be spread throughout the instrument or are 
erratic. This situation may be due to any of a 
number of power supply related problems. Check 
the power supplies per Table 4-9. 

3. The instrument has a problem in one or more 
functions or ranges. Follow the guidelines in Table 
4-9 for the appropriate circuit. 

NOTE 

See Figure 4~8 for the location of tesipoints 
and identification of components. Use a 1 OX 
probe on the oscilloscope. 

WARNING 

TO AVOID SHOCK HAZARD, DO NOT 
TOUCH POWER SUPPLY COMPONENTS. 

LINE POWER VOLTAGE IS PRESENT FROM 
THE POWER CORD THROUGHOUT THE 
PRIMARY CIRCUIT OR THE MAIN POWER 
TRANSFORMER. 

4-58. Troubleshooting Techniques 

4-59. The following are techniques useful in isolating a 
fault in the instrument. 



4-54. Visual Inspection 

4-55. Visual inspection can sometimes quickly locate 
instrument faults, saving the technician time. Use the 
Disassembly procedure presented earlier in this section to 
remove the top case cover. Carefully inspect the instru- 
ment, inside and out. Check for loose or broken wires and 
component leads, improperly seated plug-in assemblies, 
physically damaged components, discoloration due to 
arcing, or other obvious faults. Shorted capacitors or 
resistors in short paths are often discolored or burnt. 
Abusively high overloads may physically destroy carbon 
composition resistors, glass diodes, ceramic capacitors, 
thermistors, and other components. These symptoms or 
anything that looks suspect should be carefully checked 
before proceeding with involved troubleshooting. 

4-56. Troubleshooting Guide 

4-57. The Troubleshooting Guide, Table 4-9, provides 
some basic guidelines for locating the cause of improper 
operation. There are three basic cases of improper 
operation: 

1 . The instrument will not turn on. Check the main 
power supply per Table 4-9. 
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4-60. CURRENT TRACING 

4-61. Current Tracer probes, such as the HP 547A, are 
usually the best way to locate shorts in the instrument. If 
the short is so bad that the power supply is loaded down, 
the Performance Checks may not provide any help in 
isolating the faulty circuit. Starting at the output of the 
loaded power supply, logically move the Current Tracer 
through the instrument until the short is found. The 
Current Tracer will glow brightest at the terminal of the 
shorted components. Shorted logic elements can be more 
difficult to locate because currents involved can be small. 

4-62. HEATING AND COOLING 

4-63. Alternately warming (with a heat gun) and cool- 
ing (with freon spray) of possible faulty circuits can pro- 
vide a fast and effective troubleshooting technique for 
finding components that work intermittently. 

4-64. MEASURING TEMPERATURE 

4-65. Shorted components overheat. Resulting tempera- 
ture differences can be monitored with the Fluke SOT- 1 50 
and any of its associated digital multimeters, or with the 
8024 DMM with an accessory thermocouple attached. 
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Table 4-9. Troubleshooting Guide 



PROBLEM 


INSTRUCTIONS OR COMMENTS 


Power Supply 


Check ac power receptacle pins, power supplies, line voltage selector switches, Fuse FI , 
Check TP1, TP2, and TP3 for values listed in Table 4-7. 




Hint: If supplies are OK with front panel ON/STBY switch in STBY, but fail in ON, compo- 
nents outside the supplies may be shorted. 




Hint: Make certain that regulator ICs (U40, U41, and U42) are properly tightened to the 
heatsink, and that the heatsink is tightened to the circuit board. 


Time Base and 


Be sure the rear panel REF switch is set to INT, 


Clocking Signals 


Check: 




You should see: 




TP4 




10 MHz, TTL (clock) 




U19-13 




1 MHz, TTL 




U19-3 




100 kHz, TTL 




U28-7 




Approx. 63 kHz, CMOS (used only in Channel B) 




U28-3 




Approx. 61 Hz, CMOS (Scan rate clock that advances 
Sequencer U32) 




U 15-40 




Approx. 1.2 kHz (U1 5 display oscillator) 


Self Check, Control 


Set the CH A/CH B switch to CHK and set RESOLUTION to 10 Hz. Be sure the rear panel 


Logic and Counters 


REF switch is set to INT. 


Display should be 10.00000 MHz. Refer to the Timing Diagram 




in Figure 3-7. 








Check: 




You should see: 


Sequencer 


U32-4 


(Q2 state) 


Positive pulses, slightly wider than gate time of 0.1 sec. 




U32-3 


{QO state) 


Positive pulses 




U32-10 


(04 state) 


Positive pulses 




U32-1 


(Q5 state) 


Positive pulses 




U32-11 


(Q9 state) 


Positive pulses 


Main Gate FF 


U13-5 




Positive pulse, 0.1 sec. wide 


Gate Synchronizer 


U7-8 




Negative pulse, 0.1 sec. wide 


Input Counters 


U1-4 




10 MHz, ECL 




U5-3 




5 MHz, TTL when gate is on 




U6-9 




1 MHz, TTL when gate is on 




U14-8 




0.1 MHz, TTL when gate is on 


Channel B 


Set the front panel CH A/CH B switch to 1300 MHz. Check the Channel B power supplies: 




Input Fuse F2 








TPS 




+5V 




TP9 




-1.8V 




U4-1 




-H2V 




U4-23 




-12V 
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Table 4-9. Troubleshooting Guide (cont) 



PROBLEM 



Channel B (cont) 



INSTRUCTIONS OR COMMENTS 



Apply a signal to Channel B input within specifications (100-1300 MHz, 40 mV-5V rms) 



Q6 collector 
U3-4 
U3-2 
U1-4 



TTL low 
Input/4, ECL 
lnput/16, ECL 
input/16, ECL 



Channel B BURST 



Set the front panel CH A/CH B switch to 1300 BURST. Apply signal to Channel B as above, 
only in bursts at least as long as 40 ms + gate time {see Table 3-1 for gate times). 



U21-6 

U21-3 

U21-2 

U1-4 



Low, CMOS 

Positive pulses, CMOS, same width as input bursts 
Pulses 

Input/16, ECL 



Channel A 
(front panel) 



Hint: If excessive input voltages have been applied to the Channel A input, it is likely that 
01 is damaged, or that CR 1 or CR2 are leaky. 

Set front panel CH A/CH B switch to 1 25 MHz. Apply signal to Channel A input between 
10 Hz and 1 25 MHz, and at a level equal to the sensitivity specification at the frequency used. 
Set attenuation controls to XI and fully CCW. If necessary, refer to the Disassembly 
instructions and remove the front pane! first. 



Ql-Drain 
01 -Gate 
U1-11 
UM2 

U1-2and U1-3 
UM8 



Approx. +1 1 .5V 
Same as input 
Same as input 
-5V 

Approx, square wave, same frequency as input, ECL 
Approx, square wave, same frequency as input, TTL 



Display 



Hint: To test the LEDs, press and hold front pane! RESET to turn on alt segments. If only 
one segment is dark, suspect the LED. If an entire digit is dark, or the same segment on all 
digits is dark, suspect the digit drive or segment drive electronics respectively. 

To test decimal points, remove any inputs to the 7220A. Set POWER to ON. Set the 
CH A/CH B switch to RES MULT and check for a single decimal point at each RESOLUTION 
setting. Set the CH A/CH B switch to any other setting and check for a single decimal point 
at each RESOLUTION setting. 

Also check: 



U 15-40 
U15-2 

U15 pins 3 through 9 
U18-4 



Approx. 1.2 kHz pulses (display clock) 

Positive pulses, 22% duty factor (digit strobes 8 and 9) 
Positive pulses, 1 1% duty factor (digit strobes 7 
through 1) 

Positive pulse, 1 1% duty factor (digit strobe 9) 



Set CH A/CH B switch to CHK and RESOLUTION to 100 Hz with no signal inputs. 



Positive pulse, 66% duty factor (leading zeros blanking) 
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INTRODUCTION 



5-1. 

5-2. This section contains an illustrated parts list for the 
instrunnenl. A similar parts listing for each of the Options 
will be found in Section 6. Components are listed 
alphanumerically by assembly. Both electrical and mechan- 
ical components are listed first by reference designation 
and second by item number. Each listed part is shown in 
an accompanying illustration. 

5-3. Parts lists included the following information: 

1. Reference Designation or Item Number. 

2. Description of each part. 

3. FLUKE Stock Number. 

4. Federal Supply Code for Manufacturers. {See 
Section 7 for Code-to-Name list.) 

5. Manufacturer’s Part Number or Type. 

6. Total Quantity per assembly or component. 

7. Recommended Quantity: This entry indicates 
the recommended number of spare parts necessary 
to support one to five instruments for a period of 
two years. This list presumes an availability of 
common electronic parts at the maintenance site. 
For maintenance for one year or more at an isolated 
site, it is recommended that at least one of each 
assembly in the instrument be stocked. In the case 
of optional subassemblies, plug-ins, etc., that are 
not always part of the instrument, or are deviations 
from the basic instrument model, the REC QTY 



column lists the recommended quantity of the item 
in that particular assembly. 

8. The Use Code: This entry indicates a note 
number. The corresponding note will be at the end 
of that table. 

5-4. HOW TO OBTAIN PARTS 

5-5. Components may be ordered directly from the 
manufacturer by using the manufacturer's part number, 
or from the John Fluke Mfg. Co., Inc. factory or author- 
ized representative by using the FLUKE STOCK 
NUMBER. In the event the part you order has been 
replaced by a new or improved part, the replacement will 
be accompanied by an explanatory note and installation 
instructions if necessary. 

5-6. To ensure prompt and efficient handling of your 
order, include the following information. 

!. Quantity.. 

2. FLUKE Stock number. 

3. Description. 

4. Reference Designation or Item Number. 

5. Printed Circuit board Part Number, 

6. Instrument Model and Serial Number. 

CAUTION 

Indicated devices are subject to damage by 
static discharge. 
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Figure 5-1. Final Assembly 
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FIGURE 5-1 (7220A-T&B, 5001) 










A1 


MAIN PCB ASSY, TESTED 


471540 


89536 


471540 


1 


A2 


FRONT PANEL PCB ASSY 


471516 


89536 


471516 


1 


A3 


TIMEBASE PCB ASSY 


406926 


89536 


406926 


1 


FI 


FUSE, SLO-BLOW, 1/4 AMP 


166306 


71400 


MDLl-4 


1 


5 


HI 


LOCiWASHER, SPLIT #4 


110395 


89536 


110403 


2 


H2 


NUT, HEX 


110916 


73734 


17-200-NP 


1 


H3 


NUT, HEX, 4-40 


110635 


89536 


110635 


2 


H4 


NUT, SELF LXK, 6-32 


152819 


78199 


511-061800-00 


4 


H5 


SCREW, FHP, CNTR. SUNK, 6-32 X 5/8 


114876 


89536 


114876 


6 


H6 


SCREW, PHP, 4-40 X 1/2 


152132 


73734 


19026 


4 


H7 


SCREW, FHP, 6-20 X 3/8 


288266 


89536 


288266 


1 


H8 


SCREW, PHP, 6-32 X 1/2 


177030 


89536 


177030 


2 


H9 


SCREW, THD. FORM, 6-32 X 3/8, BLK 


485227 


89536 


485227 


6 


HIO 


WASHER, INT/LK, #4 


110403 


89536 


110403 


2 


Hll 


WASHER, LOCK, EXT. TOOTH 


175943 


89536 


175943 


1 


H12 


WASHER, SHOULDER 


485417 


89536 


485417 


2 


MPl 


BOTTOM COVER, ASSY 


489302 


89536 


489302 


1 


MP2 


BUSHING, INSULATION 


488429 


89536 


488429 


2 


MP3 


BUTTON, BLUE 


486472 


89536 


486472 


1 


MP4 


BUTTON, GREEN 


486498 


89536 


486498 


1 


MP5 


BUTTON, LIGHT PUTTY GRAY 


486480 


89536 


486480 


1 


MP6 


CONNECTOR, BNC 


152033 


95712 


30355-1 


2 


MP7 


COVER, COINECTOR 


488395 


89536 


488395 


1 


MP8 


FRONT PANEL 


478396 


89536 


478396 


1 


MP9 


GROMMET 


104273 


72653 


7582 


1 


MPIO 


HEAT SINK 


473868 


89536 


473868 


1 


MPll 


INSULATOR, RUBBER 


534453 


89536 


534453 


2 


MP12 


INSULATOR, TRANSFORMER 


507517 


89536 


507517 


1 


MPl 3 


KNOB ASSY 


490755 


89536 


490755 


1 


MP14 


LABEL, WARNING 


386250 


89536 


386250 


1 


MPl 5 


LATCH 


467548 


89536 


467548 


2 


MP16 


LUG, SOLDER 


441972 


79963 


761 


1 


MPl 7 


REAR PANEL 


475939 


89536 


475939 


1 


MP18 


SERIAL NAMEPLATE 


472795 


89536 


472795 


1 


MPl 9 


SPEC DECAL 


483032 


89536 


483032 


1 


MP20 


TOP COVER ASSY 


489310 


89536 


489310 


1 


T1 


TRANSFORMER 


486514 


89536 


486514 


1 


IMl 


INSTRUCTION MANUAL (7220A) (NOT SHOWN) 


487488 


89536 


487488 


1 


U1 


IC, ECL, EDGE -TRIGGERED, JK FLIP FLOP 


402743 


07263 


F95029DC 


1 


1 


U2 


IC, ECL, TRIPLE LINE RECEIVER 16-PIN DIP 


369702 


18324 


NlOll® 


2 


1 


U3 


IC, ECL 1600 SER DIV-BY-4 GHZ FRESCALER 


472787 


04713 


MC1697P 


1 


1 


U4 


IC, HYBRID, CHANNEL B PRESCALER 


490664 


89536 


490664 


1 


1 


U8 


IC, ECL, QUAD, 2-INPUT NOR, 16-PIN DIP 


380881 


04713 


MC10102P 


1 


1 


Ull 


IC, ECL, TRIPLE LINE RECEIVER 16-PIN DIP 


369702 


18324 


N10116B 


REF 


U15® 


IC, 6-DEC MOS UP COUNTER W/8 DEC LATCH 


473215 


89536 


473215 


1 


1 


U39 


IC, LIN, NEG VOLT, REG SERIES 2-24 VOLTS 


394551 


04713 


MC905CT 


1 


1 


U40 


IC, VOLTAGE REGULATOR, FIXED VOLTAGES 


413195 


04713 


MC7812CT 


1 


1 


NOTE: @ Indicates the item can be damaged by static discharge. 
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Table 5-2. A1 Main PCB Assembly (cont) 





REF 

DES 


DESCRIPTION 


FLUKE 

STOCK 

NO. 


MFG 

SPLY 

CODE 


MF8 PART NO. 
OR TYPE 


i 


I 




C50 


CAP, TA, 10 UF V“20%, 20V 


330662 


56289 


196D106X0020KA1 


REF 




i 


C51 


CAP, CER, 0.01 UF -t-/-20%, lOOV 


407361 


72982 


8121-A100-W5R-103M 


REF 






C52 


CAP, TA, 10 UF -t-/~20%, 20V 


330662 


56289 


196D106X0020KA1 


REF 






CRl 


DIODE, RECTIFIER BRIDGE 


296509 


21845 


F90X-22 


2 


1 




CR2 


DIODE, RECTIFIER BRIDGE 


296509 


21845 


F90X-22 


REF 






CR3 


DIODE, SI, RECTIFIER, 2 AMP, 50V 


347559 


14099 


3SM05 


2 


1 




CR4 


DIODE, SI, RECTIFIER, 2 AMP, 50V 


347559 


14099 


3SM05 


REF 






CR5 


DIODE, ZENER 5.6V 


277236 


07910 


1N752A 


1 


1 




CR6 


DIODE, SI, HI -SPEED SWITCHING 


203323 


07910 


1N4448 


3 


1 




CR7 


DIODE, SI, HI -SPEED SWITCHING 


203323 


07910 


3N4448 


REF 






CR8 


DIODE, SI, HI-SPEED SWITCHING 


203323 


07910 


1N4448 


REF 






F2 


FUSE, 1/5 AMP 


370577 


75915 


273.200 


2 


10 




F3 


FUSE, 1/5 AMP 


370577 


75915 


273.200 


REF 






J1 


SOCKET, CONNECTOR 


352450 


98291 


51-051-0000 


1 




'4 


JB1-JB2 


CONNECTOR, PIN 


379438 


00779 


1-87022-0 


102 






LI 


CHOKE, 6-TURN 


320911 


89536 


320911 


2 






L2 


CHOKE, 6-TURN 


320911 


89536 


320911 


REF 




1 


MPl 


GUIDE PIN (NOT SHOVN) 


375840 


89536 


375840 


3 




i 


MP2 


SOCKET PINS (USED W/U4) 


376418 


22526 


75060-007 


23 






MP3 


SPACER, STANDOFF 


442913 


89536 


442913 


1 




f 


PI 


CONNECTOR, PIN 


379438 


00779 


1-87022-0 


REF 




\d 


P2 


CONNECTOR, PIN 


379438 


00779 


1-87022-0 


REF 






P4 


CONNECTOR, PIN 


379438 


00779 


1-87022-0 


REF 






P6 


CONNECTOR, PIN 


379438 


00779 


1-87022-0 


REF 






Q1 


XSTR, SI PNP 


195974 


04713 


2N3906 


1 


1 


J 


Q2 


XSTR, SI, PNP 


352369 


12040 


2N4403 


1 


1 




Q3 


XSTR, SI, NPN 


218396 


04713 


2N3904 


4 


1 




Q4 


XSTR, SI, NPN 


218396 


04713 


2N3904 


REF 






Q5 


XSTR, SI, NPN 


330803 


07263 


MPS6560 


1 


1 




Q6 


XSTR, SI, NPN 


218396 


04713 


2N3904 


REF 




1 


Q7 


XSTR, PNP, HI-SPEED SWITCHING 


369629 


07263 


543576 


2 


1 


1 


Q8 


XSTR, PNP, HI-SPEED SWITCHING 


369629 


07263 


543576 


REF 






Q9 


XSTR, SI, NPN 


218396 


04713 


2N3904 


REF 






R1 


RES, DEP. CAR, 1.8K +/-5%, 1/W 


441444 


80031 


CR251-4-5P1K8 


1 






R2 


RES, DEP. CAR, 180 +/-5%, 1/4W 


441436 


80031 


CR251^-5P180E 


1 




; . 


R3 


RES, DEP. CAR, 100 +/"5%, 1/4W 


348771 


80031 


CR251-4-5P100E 


5 






R4 


RES, DEP. CAR, 470 +/-5%, 1/4W 


343434 


80031 


CR251-4-5P470E 


2 




V 


R5 


RES, DEP. CAR, 4.7K V~5%, 1/4W 


348821 


80031 


CR251-4-5P4K7 


8 






R6 


RES, DEP. CAR, 470 -i-/-5%, 1/4W 


343434 


80031 


CR251-4-5P470E 


REF 




• i- 


R7 


RES, DEP. CAR, 150 -t-/-5%, 1/4V 


343442 


80031 


CR251-4-5P150E 


3 




; 


R8 


RES, DEP. CAR, 27 +/-5i, 1/4W 


348763 


80031 


CR251-4-5P27E 


3 




i 


R9 


RES, DEP. CAR, 47K +/~5%, 1/4W 


348896 


80031 


CR251-4-5P47K 


1 




. i 


RIO 


RES, DEP. CAR, 2.4K -(-/-5%, 1/4W 


441493 


80031 


CR251-4-5P2K4 


1 






Rll 


RES, DEP. CAR, lOK +/-5%, 1/4W 


348839 


80031 


CR251-4-5P10K 


10 






R12 


RES, MTL. FILM, 301 +/-!%, 1/8W 


267740 


91637 


CMF553010F 


1 






R13 


RES, MTL. FILM, 43.2 +/-!%, 1/8W 


296731 


91637 


CMF5543R2F 


1 






R14 


RES, VAR, 50 V-10%, 1/2W 


447862 


11236 


360T500A 


1 




j. 


R19 


RES, DEP. CAR, 100 +/-5%, 1/4^ 


348771 


80031 


CR251-4-5P100E 


REF 






R21 


RES, DEP. CAR, 100 -l-/-5%, 1/4W 


348771 


80031 


CR251-4-5P100E 


REF 






R22 


RES, DEP. CAR, lOK V~5%, 1/^ 


348839 


80031 


CR251-4-5P10K 


REF 
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Table 5-2. A1 Main PCB Assembly (cont) 



REF 

DES 


DESCRIPTION 


FLUKE 

STOCK 

NO. 


MFC 

SPLY 

CODE 


MFC PART NO. 
OR TYPE 




R23 


RES, 


DEP. CAR, lOK V-5%, 1/4W 


348839 


80031 


CR251-4-5P10K 


REF 


R24 


RES, 


DEP. CAR, 100 +/“5%, 1/4W 


348771 


80031 


CR251-4-5P100E 


REF 


R25 


RES, 


DEP. CAR, 4.7K +/~S%, 1/4W 


348821 


80031 


CR251-4-5P4K7 


REF 


R26 


RES, 


DEP. CAR, 100 -f*/-5%, 1/4W 


348771 


80031 


CR251-4-5P100E 


REF 


R27 


RES, 


DEP. CAR, 560 +/~5%, 1/4W 


385948 


80031 


CR251-4-5P560E 


9 


R28 


RES, 


DEP. CAR, 560 +/-5%, 1/4W 


385948 


80031 


CR251-4-5P560E 


REF 


R29 


RES, 


DEP. CAR, 4.7K +/-S%, 1/4W 


348821 


80031 


CR251-4-5P4K7 


REF 


R30 


RES, 


DEP. CAR, 560 +/-5%, 1/4^ 


385948 


80031 


CR251-4-5P560E 


REF 


R31 


RES, 


DEP. CAR, 560 V-5%, 1/4W 


385948 


80031 


CR251-4-5P560E 


REF 


R32 


RES, 


DEP. CAR, 150 +/-5%, 1/4^ 


343442 


80031 


CR251-4-5P150E 


REF 


R33 


RES, 


DEP. CAR, 330K +/“5%, 1/4W 


376640 


80031 


CR251-4-5P330K 


1 


R34 


RES, 


DEP. CAR, IM +/-5%, 1/4W 


348987 


80031 


CR251-4-5P1M 


1 


R35 


RES, 


DEP. CAR, 4.7K +/"5%, 1/4W 


348821 


80031 


CR251-4-5P4K7 


REF 


R36 


RES, 


DEP. CAR, 4.7K +/-5%, 1/4^ 


348821 


80031 


CR251-4-5P4K7 


REF 


R37 


RES , 


DEP. CAR, IK V-5%, 1/4W 


343426 


80031 


CR251^-5P1K 


5 


R38 


RES, 


DEP. CAR, IK V-5%, l/4^/ 


343426 


80031 


CR251-4-5P1K 


REF 


R39 


RES, 


DEP. CAR, IK V-5%, 1/4W 


343426 


80031 


CR251-4-5P1K 


REF 


R40 


RES, 


DEP. CAR, 560 +/-5%, 1/4^ 


385948 


80031 


CR251-4-5P560E 


REF 


R41 


RES, 


DEP. CAR, 560 V“5%, 1/4W 


385948 


80031 


CR251-4-5P560E 


REF 


R42 


RES, 


DEP. CAR, 4.7K +/-5%, 1/4W 


348821 


80031 


CR251-4-5P4K7 


REF 


R43 


RES, 


DEP. CAR, 560 +/-5%, 1/4W 


385948 


80031 


CR251-4-5P560E 


REF 


R44 


RES, 


DEP. CAR, 390 V~5%, 1/4V 


441543 


80031 


CR251-4-5P390E 


2 


R45 


RES, 


DEP. CAR, 390 V-5%, 1/4W 


441543 


80031 


CR251V-5P390E 


REF 


R46 


RES, 


DEP. CAR, 240 V-5%, 1/4W 


376624 


80031 


CR251-4-5P240E 


2 


R47 


RES, 


DEP. CAR, 240 V~5%, 1/4W 


376624 


80031 


CR251-4-5P240E 


REF 


R48 


RES, 


DEP. CAR, 4.7K +/-5%, 1/4^ 


348821 


80031 


CR251-4-5P4K7 


REF 


R49 


RES, 


DEP. CAR, 27 V-5%, 1/4W 


348763 


80031 


CR251-4-5P27E 


REF 


R50 


RES, 


DEP. CAR, 560 +/-5%, 1/4a/ 


385948 


80031 


CR251-4-5P560E 


REF 


R51 


RES, 


DEP. CAR, 560 +/-5%, 1/4W 


385948 


80031 


CR251V-5P560E 


REF 


R52 


RES, 


DEP. CAR, 150 V-5%, 1/4^ 


343442 


80031 


CR251-4-5P150E 


REF 


R53 


RES, 


DEP. CAR, lOK V-5%, 1/4W 


348839 


80031 


CR251-4-5P10K 


REF 


R54 


RES, 


DEP. CAR, lOK V-5%, 1/4^ 


348839 


80031 


CR251-4-5P10K 


REF 


R55 


RES, 


DEP. CAR, lOK V-5%, 1/4W 


348839 


80031 


CR251-4-5P10K 


REF 


R56 


RES, 


DEP. CAR, lOK V-5%, 1/4W 


348839 


80031 


CR251-4-5P10K 


REF 


R57 


RES, 


DEP. CAR, IK V-5%, 1/4W 


343426 


80031 


CR251-4-5P1K 


REF 


R58 


RES, 


DEP. CAR, 6.8K +/-5%, 1/8W 


368761 


80031 


CR251-4-5P6K8 


1 


R59 


RES, 


DEP. CAR, 4.7K V"5%, 1/4W 


348821 


80031 


CR251^-5P4K7 REF 


R60 


RES, 


DEP. CAR, IK V-5%, 1/4W 


343426 


80031 


CR251-4-5P1K REF 


R61 


RES, 


DEP. CAR, lOK V-5%, 1/4W 


348839 


80031 


CR251-4-5P10K REF 


R62 


RES, 


DEP. CAR, lOK V-5%, 1/4W 


348839 


80031 


CR251-4-5P10K REF 


R63 


RES, 


DEP. CAR, lOK V-5%, 1/4W 


348839 


80031 


CR251-^-5P10K REF 


R64 


RES, 


DEP. CAR, 1.3 V-5%, 1/4V 


442012 


80031 


CR251-4-5P1E3 


1 


R65 


RES, 


DEP. CAR, 330 +/-5%, 1/4W 


368720 


80031 


CR251^^5P330E 


3 


R66 


RES, 


DEP. CAR, 27 V-5%, 1/4V 


348763 


80031 


CR251-4-5P27E REF 


R67 


RES, 


DEP. CAR, 330 V-5%, 1/4W 


368720 


80031 


CR251^-5P330E REF 


R68 


RES, 


MTL. FILM, IK +/“!%, 1/8W 


168229 


91637 


CMF551001F 


1 


R69 


RES, 


VAR, 200 V-10%, 1/2W 


275743 


89536 


275743 


1 


R70 


RES, 


MTL. FILM, 3. OIK +/-!%/ 1/8W 


312645 


91637 


CMF55301 IF 


1 


R71 


RES, 


DEP. CAR, 330 V"5%, 1/4W 


368720 


80031 


CR251-4-5P330E REF 


RNl 


RESISTOR NETWORK 


412866 


89536 


412866 


1 
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Table 5-2. A1 Main PCB Assembly (cont) 



FLUKE MFB 
STOCK SPLY 
NO. CODE 



«FG PART NO. 
OR TYPE 



IQ 



REC 0 
OTY T 



RN2 


RESISTOR NETWORK, 4,7K -h/-2%, 1/8W 


412916 


89536 


412916 


1 




SI, 2, 3 


POSHBOTTON ASSY 


473991 


89536 


473991 


1 




S4 


SWITCH, SLIDE, IFDT 


234278 


89536 


234278 


2 




S5 


SWITCH, SLIDE, DPDT 


234278 


89536 


234278 


REF 




S8 


SWITCH, SLIDE 


354878 


89536 


354878 


1 




TP1-TP9 


CONNECTOR, PIN 


379438 


00779 


1-87022-0 


REF 




U1 


SEE FINAL ASSEMBLY TABLE 5-1 












U2 


SEE FINAL ASSEMBLY TABLE 5-1 








REF 




U3 


SEE FINAL ASSEMBLY TABLE 5-1 








REF 




04 


SEE FINAL ASSEMBLY TABLE 5-1 








REF 




05 


IC, TTL, QOAD, 2-INPOT POS-AND GATE 


477539 


01295 


SN74S08N 


1 


1 


06 


IC, TTL, DOAL J-K EDGE TRIG, F/F 


363440 


01295 


SN74S112N 


2 


1 


07 


IC, DOAL, "D" TYPE, EDGE TRIGGERED, F/F 


418269 


01295 


SN74S74N 


1 


1 


08 


SEE FINAL ASSEMBLY TABLE 5-1 








REF 




09 


IC, TTL, MIS, QOAD, 2-LINE-TO-l-LINE 


403576 


01295 


SN74157N 


1 


1 


010 


IC, LINEAR OP AMP 


284760 


12040 


LM308 


1 


1 


Oil 


SEE FINAL ASSEMBLY TABLE 5-1 








REF 




012 


IC, POS NOR GATES, TOTEM POLE OOTPOTS 


393041 


01295 


SN74LS02N 


1 


1 


013 


IC, TTL, DOAL J-K EDGE TRIG, F/F 


363440 


01295 


SN74S112N 


REF 




014 


IC, TTL, MSI, DECADE COONTERS 


293159 


01295 


SN7490AN 


2 


1 


015 


SEE FINAL ASSEMBLY TABLE 5-1 








REF 




016® 


IC, TTL, MIS, QUAD "D" TYPE F/F W/CLEAR 


355057 


01295 


SN74175N 


1 


1 


017® 


IC, C-MOS, BCD TO 7-SEG LATCH/DECODER 


429522 


04713 


MC14511CP 


1 


1 


018® 


IC, C-MOS, HEX BOFFER/INVERTERS 


381848 


02735 


CD4049UBE 


2 


1 


019 


IC, DOAL, 4-BIT DEDAIX & BINARY COUNTERS 


483594 


01295 


SN74LS390N 


1 


1 


020® 


IC, MOS, COUNTER TIME BASE CIRCUIT 


381822 


50088 


MK5009N 


1 


1 


021® 


IC, C-MOS, DUAL, "D" TYPE, F/F 


340117 


02735 


CD4013AE 


3 


1 


022® 


IC, C-MOS, HEX BUFFER/INVERTERS 


381848 


02735 


CD4049UBE 


REF 




023 


IC, TTL, MSI, DECADE COONTERS 


293159 


01295 


SN7490AN 


REF 




024® 


IC, C-MOS, TRIPLE 3-INPUT OR GATES 


408575 


02735 


CD4075BE 


1 


1 


025® 


IC, MOS-TO-LED HEX DIGIT DRIVER 


429506 


12040 


DS75492N 


2 


1 


026® 


IC, C-MOS, QUAD, AND-OR SELECT GATE 


419010 


18324 


CD4019AE/N4019A 


1 


1 


027 


IC, TTL, SCHMT, TRGGR, POS NAND GATES 


483180 


01295 


SN74LS14N 


1 


1 


028® 


IC, C-MOS 14-STAGE BINARY CNTR/DIVIDER 


394486 


02735 


CD4020AE 


1 


1 


029 


IC, TTL, QOAD, 2-INPUT, POS, NAND GATE 


393033 


01295 


SN74LS00N 


1 


1 


030® 


IC, C-MOS, HEX BUFFER/INVERTER 


381830 


02735 


CD4050AE 


1 


1 


031® 


IC, C-MOS, NAND GATES, TRIPLE, 3-INPOT 


375147 


02735 


CD4023A 


1 


1 


032® 


IC, C-MOS, DECADE COUNTER/DIVIDER 


403568 


18725 


CD4017AE 


1 


1 


033® 


IC, C-MOS, QUAD, 2-INPUT NOR GATES 


355172 


02735 


CD4001AE 


1 


1 


034® 


IC, C-MOS, DUAL, "D" TYPE, F/F 


340117 


02735 


CD4013AE 


REF 




035® 


IC, C-MOS, DUAL, "D" TYPE, F/F 


340117 


02735 


CD4013AE 


REF 




036® 


IC, MOS-TO-LED HEX DIGIT DRIVER 


429506 


12040 


DS75492N 


REF 




037® 


IC, COS/MOS, QUAD, BILATERAL SWITCH 


363838 


02735 


CD4016AE 


2 


1 


038® 


IC, COS/MOS, QUAD, BILATERAL SWITCH 


363838 


02735 


CD4016AE 


REF 




039 


SEE FINAL ASSEMBLY TABLE 5-1 








REF 




040 


SEE FINAL ASSEMBLY TABLE 5-1 








REF 




041 


SEE FINAL ASSEMBLY TABLE 5-1 








REF 




042 


IC, LIN, 3-TERMINAL, NEG FIXED VOLT NEG 


473819 


07263 


A79L12AWC 


1 


1 


043 


IC, LINEAR TIMER 


402610 


18324 


NE555N 


1 


1 


XF2 


SOCKET, FUSE 


403642 


00779 


50863-8 


4 





NOTE: @ indicates the Item can be damaged by static discharge. 















Table 5-2. A1 l\tom PCB Assembly (cont) 



REf 

OES 


DESCRIPTION 


FLUKE 

STOCK 

NO. 


MFG 

SPLY 

CODE 


MFG PART NO. 
OR TYPE 


By 


XF3 


SOCKET, FUSE 


403642 


00779 


50863-8 


REF 


XUi 


SOCKET, IC, 16-PIN DIP 


370312 


91506 


316-AG39D 


4 


XU 2 


SOCKET, IC, 16-PIN DIP 


370312 


91506 


316-AG39D 


REF 


XU3 


SOCKET, IC, 8-PIN 


478016 


91506 


308-AG39D 


1 


XU 8 


SOCKET, IC, 16-PIN DIP 


370312 


91506 


316-AG39D 


REF 


XU 11 


SOCKET, IC, 16-PIN DIP 


370312 


91506 


316^G39D 


REF 


XU 15 


SOCKET, IC, 40-PIN DIP 


429282 


09922 


DILB40P-108 


1 


XU 39 


SOCKET, XSTR 


402958 


09922 


402958 


3 


XU 40 


SOCKET, XSTR 


402958 


09922 


402958 


REF 


XU41 


SOCKET, XSTR 


402958 


09922 


402958 


REF 
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Table 5-3. A2 Front Panel PCB Assembly 



REF 




FLUKE 


MFG 


MFC PART NO. 




REC 


DES 


DESCRIPTION 


STOCK 

NO. 


SPLV 

CODE 


OR TYPE 


B9 


pTY 



A2 


FRONT PANEL PCB ASSEMBLY 
FIGURE 5-3 {7220A-4002T) 


471516 


89536 


471516 


1 


Cl 


CAP, MTL. FILM, .068 UF +/-20%, 250V 


478651 


25403 


C281VA68K 


1 


C2 


CAP, CER, 7.5K +/-0.25 PF, lOOOV 


519082 


56289 


561CCOJBA102AF7R5C 


1 


C3 


CAP, CER, 500 PF +/-10%, 1 KV 


105692 


71590 


2DDH6W501K 


1 


C4 


CAP, TA, 10 UF +/-20%, 15V 


193623 


56289 


196D106X0015A1 


4 


C5 


CAP, CER, 100 PF +/-10%, 1 KV 


105593 


71590 


DD-101 


1 


C6 


CAP, ELEC, 22 UF +/"20%, 16V 


519074 


56289 


196D226X0016A1 


1 


Cl 


CAP, CER, .001 UF +/-20%, 500V 


402966 


72982 


8121-A100-W5R-1024 


5 


C8 


CAP, TA, 39 UF +/-20%, 6V 


1639X5 


56289 


196D396X0006KA1 


2 


C9 


CAP, TA, 39 UF +/-20%, 6V 


163915 


56289 


196D396X0006KA1 


REF 


CIO 


CAP, TA, 10 UF +/-20%, 15V 


193623 


56289 


196D106X0015A1 


REF 


Cll 


CAP, CER, .001 UF +/-20%, 500V 


402966 


72982 


8121-A100-W5R-102M 


REF 


C12 


CAP, MICA, 390 PF +/-5%, 500V 


148437 


72136 


CM15F391J 


1 


C13 


CAP, CER, .001 UF +/-20%, 500V 


402966 


72982 


8121-A100-W5R-102M 


REF 


C14 


CAP, CER, 39 PF +/”2%, lOOOV 


519090 


56289 


561CCOJBA102AG390F 


1 


C15 


CAP, CER, .001 UF -t'/-20%, 500V 


402966 


72982 


8121-A100-W5R-102M 


REF 


C17 


CAP, TA, 10 UF +/-20%, 15V 


193623 


56289 


196D106X0015A1 


REF 


C18 


CAP, TA, 10 UF +/-20%, 15V 


193623 


56289 


19ffil06X0015Al 


REF 


C19 


CAP, CER, .001 UF V-20%, 500V 


402966 


72982 


8121-A100-W5R-102^ 


REF 


CRl 


DIODE, SI, LOW CAP, 250 MW 


523746 


07263 


FJT 1138 


2 


CR2 


DIODE, SI, LOW CAP, 250 MW 


523746 


07263 


FJT 1138 


REF 


DSl 


DISPLAY LED 


477562 


89536 


477562 


9 


DS2 


DISPLAY LED 


477562 


89536 


477562 


REF 


DS3 


DISPLAY LED 


477562 


89536 


477562 


REF 


DS4 


DISPLAY LED 


477562 


89536 


477562 


REF 


DS5 


DISPLAY LED 


477562 


89536 


477562 


REF 


DS6 


DISPLAY LED 


477562 


89536 


477562 


REF 


DS7 


DISPLAY LED 


477562 


89536 


477562 


REF 


DS8 


DISPLAY LED 


477562 


89536 


477562 


REF 


DS9 


DISPLAY LED 


477562 


89536 


477562 


REF 


DSIO 


DIODE, LIGHT EMMITING 


483420 


28480 


HLMP6203 


1 


DSll 


DIODE, LIGHT EWITING 


483420 


28480 


HLMP6203 


REF 


DS12 


DIODE, LIGHT EMMITING 


483420 


28480 


HLMP6203 


REF 


HI 


SCREW, PHP, 2-28 X .406 


493957 


89536 


493957 


8 


J1 


CONNECTOR 


460030 


22526 


65000-220 


1 


J2 


CONNECTOR, RECEPTACLE 


375329 


00779 


85863-3 


3 


LI 


CHOKE, 6-TURN 


320911 


89536 


320911 


1 


MPl 


ACTUATOR (SI, S2, & S3) 


454371 


00779 


435995 


3 


MP2 


CARRIER 


477976 


00779 


435999-9 


2 


MP3 


CONNECTOR, COAXIAL 


479162 


24931 


28JR175 


1 


MP4 


DETENT SPRING 


472878 


00779 


435996 


3 


MP5 


SPACER, LED 


426882 


89536 


426882 


1 


MP6 


TEST JACK (ON CIRCUIT SIDE, NOT SHOWN) 


149112 


74970 


105-0753 


1 


MP7 


WIPER GUIDE 


472886 


00779 


435998 


3 


Q1 


XSTR, J-FET, N-CHANNEL 


288324 


89536 


288324 


1 


Q2 


XSTR, SI, NPN 


218396 


04713 


2N3904 


1 


R1 


RES, COMP, 91 OK +/-5%, l/4ft? 


285338 


01121 


CB9115 


1 


R2 


RES, COMP, 10 OK, +/“5%, 1/4W 


148189 


01121 


CB1045 


1 


R3 


RES, CCMP, 220K +/“5%, l/2ti 


109025 


01121 


CB2215 


1 
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Tafaie 5*3. A2 Front Panel PCB Assembly (cont) 



H 


RED 




OTY 



REF 

DES 


DESCRIPTION 


FLUKE 

STOCK 

NO. 


f«FG 

SPIY 

CODE 


MFG PART NO, 
OR TYPE 


R4 


RES, DEP. CAR, 150 +/~S%, 1/4W 


343442 


80031 


CR251-4-5P150E 


R5 


RES, DEP. CAR, 12K V“5%, l/4^/ 


348847 


80031 


CR251-4-5P12K 


R6 


RES, DEP. CAR, 2.7K -t-/“5%, 1/4W 


386490 


80031 


CR251-^-5P2K7 


R7 


RES, MTL. PILM, 1. 5K +/-!%# 1/8W 


313098 


91637 


CMF55152P 


R8 


RES, MTL. FILM, 1.5K +/-!%, 1/8W 


313098 


91637 


CMF55152F 


R9 


RES, DEP. CAR, 47 OK +/-5%, 


342634 


80031 


CR251-4-5P470K 


RIO 


RES, VAR, 25K +/-10%, 1/2W 


289678 


11236 


360S253A 


Rll 


RES, VAR, CERMET, 5K +/-20%, X/2^f 


226084 


80031 


ET50W02 


R12 


RES, VAR, 25K +/“30%, 1/4W 


485664 


89536 


485664 


R13 


RES, DEP. CAR, lOK +/-5%, 1/^ 


348839 


80031 


CR251-4-5P10K 


R14 


RES, DEP. CAR, lOK +A5%, 1/4W 


348839 


80031 


CR251-4-5P10K 


R15 


RES, DEP. CAR, 180 +/“5%, l/^ 


441436 


80031 


CR251-4-5P180E 


R17 


RES, DEP. CAR, 560 +/-5%, 1/4W 


385948 


80031 


CR251-4-5P560E 


R18 


RES, DEP. CAR, 560 +/~5%, 1/4W 


385948 


80031 


CR251-4-5P560E 


RNl 


RESISTOR NETWORK, lOK V"2%, 1/8W 


412924 


89536 


412924 


RN2 


RESISTOR NETWORK, lOK +/~2%, 1/SV 


414003 


89536 


414003 


U1 


IC. ANALOG BI-POLAR DC COUP WIDEBAND AMP 429191 


89536 


429191 


U2 


IC, LIN, 3-TERMINAL NEG FIXED VOLT REG 


454793 


04713 


. MC79L05ACP 


XUl 


SOCKET, I.C. 


413229 


i 01295 


. C 93102 



1 

1 

1 

2 

REP 

1 

1 

1 

1 

2 

REP 

1 

2 

REP 

1 

1 

1 

1 
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Table 5-4. A3 Timebase PCB Assembly 





FLUKE 


MFG 


STOCK 


SPLY 


NO. 


CODE 



MFG PART NO. 
OR TYPE 



A3 


1 — t 

TIMEBASE PCB ASSEMBLY 


538660 


89536 


538660 


REF 






FIGURE 5-4 (7220A-4009T) 












Cl 


CAP, MINIATURE TRIMMER, 1.5-14 UF, 250V 


543520 


91293 


8091 


1 




C2 


CAP, CER, 22 PF +/-5? , 100V 


448449 


8003 1 


2222-638-10229 


1 




C3 


CAP, CER, 0.01 UF +/-20?, 100V 


407361 


72982 


8121-A100-W5R-103M 


1 




C4 


CAP, CER, 0.22 UF +/-20$ , 50V 


309849 


71590 


CW30C224K 


1 




LI 


CHOKE, 6-TURN 


320911 


89536 


32091 1 


1 




MP1 


PINS, CONTACT (NOT SHOWN) 


376574 


00779 


3-87022-1 


5 




R1 


RES, KTL, FILM, 4?. 5 +/-!?, 1/8W 


306076 


91637 


CMF5547R5F 


1 




R2 


RES, COMP, 560 +/-5J, 1/8W 


115303 


01121 


BB5615 


5 




R3 


RES, COMP, IK -►/-5?, 1/8W 


153916 


01121 


BB1025 


1 




Rl} 


RES, COMP, 560 +/-5$, 1/8W 


115303 


01121 


BB5615 


REF 




R5 


RES, COMP, 560 -►/-5?, 1/8W 


115303 


01121 


BB5615 


n£»r 




R6 


RES, COMP, 560 +/-5?, 1/8W 


115303 


01121 


BB5615 


REF 




R7 


RES, COMP, 560 +/-5%, 1/8W 


115303 


01121 


BB5615 


REF 




U1 


IC, ECL, DUAL 4-5 INPUT OR/ NOR GATE 


454967 


04713 


MC10109P 


1 


1 


Y1 


CRYSTAL, QUARTZ 


385732 


89536 


385732 


1 




\ ■■■■„■■ — _ 

^ — — - 




Figure 5-4. A3 Timebase PCB Assembly 
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6-1. INTRODUCTION 

6-2. This section of the manual contains information 
about options and accessories available for use with the 
7220A. Where applicable, these descriptions will include 
the same kind of information as presented in Sections 1-5 
of this manual (specifications, installation, theory of 



operation, etc.). Schematic diagrams for any appropriate 
option or accessory may be found in Section 8. 

6-3. Accessory information can be identified with 
“600-” paragraph numbers. For options, relevant page 
and paragraph numbers contain the option number. 
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Accessories 



600-1. ACCESSORIES 

600-2. Ordering Information 

600-3. When appropriate, installation instructions are 
included with each accessory ordered. Be sure to include 
the accessory model number when ordering. 

600-4. Rack and Panel Adapters 

600-5. Mounting kits may be ordered to adapt the 
standard 7220A PTl-style size C instrument case to either 
rack or panel mounting. Each kit includes all mounting 
hardware. Model Y2014 allows one 7220A case to be 
mounted in a 19-inch rack, and Model Y2015 allows two 
7220A cases to be mounted in a 19-inch rack. Model 
Y2020 allows one 7220A case to be panel-mounted. 

600-6. Instrument Cables 

600-7. Two instrument ribbon cables are available for 
connecting the Digital Interface Option-521 to the Inter- 
face PCB Assembly Option -522, which is mounted in the 
1 120A IEEE-488 Translator. The cables are identical in 



function and differ only in length. Cable Y7203 is 2 feet in 
length, and cable Y7204 is 5 feet in length. Cable Y7203 is 
supplied with Options -521 or -529. 

600-8. Whip Antenna 

600-9. The A53 Whip Antenna allows the 7220A to 
make RF measurements via the antenna rather than 
cable connection. The Whip Antenna attaches directly to 
the 7220A front panel Channel A or Channel B input 
BNC connectors, and can be swiveled or extended for 
easy positioning. 



Table 600-1. 7220 A Accessories 



MODEL NO. 


DESCRIPTION 


Y2014 


Single mount 19 inch rack 


Y2015 


Dual mount 19 inch rack 


Y2020 


Single mount panel 


Y7203 


2 foot connecting cable 


Y7204 


5 foot connecting cable 


A53 


Extendable whip antenna 
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Option -010 
Battery Pack 



I 

J 



010-1. INTRODUCTION 

010-2. Option -010 is a nickel-cadmium rechargeable 
battery unit. The option uses "F" cell nicad batteries for a 
total capacity of 5.6 amp hours. With a completely 
discharged battery, charge time is a minimum of 16 hours 
at room temperature. A discharge cut-off relay has been 
incorporated to guard against discharging the nicads to 
too low a level. A thermistor sensor circuit monitors 
battery temperature and halts the charging if the battery 
gets too hot. The battery output is fused to protect it 
against short circuits. Housed in a separate plastic box to 
eliminate acid corrosion problems, the battery assembly 
is attached inside the top cover. This option can be 
installed in the field. Order kit number 72XXA-010K. 



4. Place the two nuts on the instrument handle 
hold-down bolts and tighten. 

5. Remove the bottom cover using the procedure 
described in Section 4. Do not remove the Front or 
Rear Panel assemblies from the Main PCB. 

6. Locate solder bridge SBl near the 
BTRY/LINE switch on the bottom of the Main 
PCB. (For 7220A, SBl is on the front left corner of 
the bottom of the main PCB). Remove the short. In 
addition, remove the short on SB6 for the 7261 A 
only. 

7. Install the bottom cover. 



010-3. SPECIFICATIONS 

010-4. Specifications for the -010 Battery Option are 
listed in Table 010-1. 

010-5. INSTALLATION 

010-6. Use the following procedure to install the -OlO 
Battery Option. Refer to Figure OlO-l for installation 
instructions. Component location can also be determined 
using Figures 010-3 and 010-4. 

1. Remove line power from the instrument. 

2. Remove the top cover using the procedure 
described in Section 4. 

3. Place the battery assembly so that the battery 
and Battery Option PCB are closer to the front of 
the instrument and the two instrument handle hold- 
down bolts are through the corresponding holes on 
the battery bracket. 



8. Plug the two cables from the Battery Option 
PCB into their appropriate connectors on the Main 
PCB. Grey plug to JBi, black plug to JB2. 

9. Fasten the grey ribbon cable under the grey 
retaining clip (located on the bottom side of the 
instrument’s top cover). 

10. Install the top cover of the instrument. 



Table 010-1. Specifications 



Capacity , , . 


5.6 Ampere hours 


Battery Type . . 


Four size “F” nicad ceils 


Charge Time . . 


16 hours minimum at 
room temperature 


Charge Protection 


. Thermistor actuated shut 
down of charging circuit 
if battery gets near 


Discharge . . . 


. Low voltage automatic 


Protection 


shut down at about +4V 
to prevent battery dis- 
charging to a reversed 
cell condition. 
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010-7. OPERATION 

01 0-8. To use the battery for instrument power, set the 
BTRY/LINE switch to the BTRY position. The 
ON /ST BY switch functions normally. The instrument 
may be powered from the battery with the line cord 
plugged into line power. This serves no useful purpose, 
however, and discharges the battery needlessly. When the 
battery has discharged to about 4V, the low battery 
voltage relay will remove the instrument load from the 
battery output, preventing the battery from discharging 
to too iow' a level. Place the two POWER switches in the 
STBY and LINE positions to recharge the battery. After 
the battery has been charged sufficiently, the RESET 
switch on the instrument front panel must be pressed to 
unlatch the low voltage relay and restore normal battery 
operation. 

010-9. If neither oven time base option is installed, the 
battery will recharge any time the instrument is connected 
to line power and the power control is set to STBY. The 
charge rate is maximum when the ON /STBY sw'itch is in 
the STBY position, and the BTRY/LINE switch is in the 
LINE position. If the battery is discharged completely, 
this charge rate will recharge the battery in 16 hours at 
temperatures around 22^C (72° F), If either oven time 
base is installed, the BTRY/LINE switch determines 
which source will power the oven. For maximum charge, 
the switch must be in the LINE position and the 
ON/ STBY switch must be in the STBY position. If the 
BTRY/LINE switch is in the BTRY position and the 
ON/ STBY switch is in the STBY position, the oven w'ill 
draw about 200 mA of the 560 mA charging current. 
Linder these conditions, the battery may not charge 
completely. If the POWER switches are in the ON and 
LINE positions, the charging rate will be reduced to 
prevent overheating inside the instrument. This charge 
rate is insufficient to recharge the battery but will 
maintain a float charge on the battery. The thermocouple 
sensor will halt the charge to keep the battery temperature 
from exceeding 65° C (I49°F). (This will only occur in 
high ambient temperature environments.) The battery 
charge will automatically resume when the battery has 
cooled enough. 

NOTE 

Battery manufacturers recommend that nicaci 
batteries should not be stored for extended 
periods of time without recharging at least 
every 90 days. Storage temperature below 
25° C (77^ F) is recommended. 

010-10. THEORY OF OPERATION 

010-11. The theory of operation for the -010 Option 
will be divided into a basic functional description of the 



major circuits of the option and a detailed circuit analysis 
of each circuit. 

010-12. BASIC FUNCTIONAL 
DESCRIPTION 

010-I3. As Figure 010-2 show's, there are four main 
sections to the Battery Option PCB circuitry. The Current 
Source uses +5 V unregulated power from the Main PCB 
to provide the charging current for the battery. The 
charging rate (high or low) is determined by the position 
of the ON/ STBY switch. The Battery Hi-Temp Circuit 
reduces the charging current if the battery temperature 
approaches 65°C. The Low Battery Voltage Relay circuit 
normally passes the battery power on to the BTRY / LINE 
switch. Should the battery voltage drop to around 4V, the 
relay contacts will open, removing the load from the 
battery. The RESET switch on the instrument front pane! 
must be pressed to restore the Low Battery Voltage Relay 
Circuit. If the BTRY/LINE switch is in the BTRY 
position, the +5V power from the battery is connected to 
the ON / STBY switch, and the oven if an oven time base is 
installed. If the ON/ STBY switch is in the ON position, 
the battery power is supplied to the instrument and the 
Inverter circuit. The Inverter circuit provides operating 
voltages for the ~5V, +12V and ~12V regulators. 

010-14. DETAILED CIRCUIT ANALYSIS 

010-15. The Battery Option Schematic in Section 8 
will be used to illustrate the detailed circuit analysis. The 
battery and thermistor are located inside the battery case. 

010-16. Battery Hi-Temp Circuit 

010-17. The Battery Hi-Temp Circuit is an inverting 
amplifier that protects the battery by reducing the battery 
charging current as the battery temperature approaches 
65° C. It does this by altering the bias voltage of the 
Current Source controller to turn off the current source. 
The inverting amplifier is UIB with thermistor RTl used 
as the feedback resistor. The positive input of the op amp 
is COMMON. The negative input is the -I2V coupled 
through R9. RTl is located next to the battery. When the 
battery is about 22° C, the resistance of RTl will be about 
50fi. At this time, the output of the inverting amplifier 
(felt at the lower junction of R7 and R8) is about +.4V. 
RTl exhibits a positive temperature coefficient. As the 
battery temperature rises, the resistance of RTl increases. 
When the battery temperature approaches 65° C, the 
resistance of RTl passes over a sharp knee and 
approaches 5000. The output of the negative gain 
amplifier approaches +5V. 

010-18. Current Source 

010-19. The Current Source uses the unregulated +5V 
from the Main PCB to provide charging current for the 
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UNREGULATED 




Figure 010-2. -010 Option Block Diagram 



battery. This circuit consists of the series pass element, 
Ql; the sensing element, Rl; the control element, U1 A; 
and their associated circuitry. Ql directly controls the 
current charging the battery. The base bias of Ql is in turn 
controlled by the output of UlA. The positive input is 
battery voltage felt on the battery side of R 1 (TP2). The 
negative input is picked off the voltage divider network 
composed of R2, R8 and sometimes R7, The voltage 
divider is between the input side of Rl (TP I) and the 
output of the Battery Hi-Temp circuit. 

010-20. The charging current is changed by altering the 

input to UlA from the voltage divider. The voltage 
divided input is altered by changing the position of the 
ON/ STB Y switch. When the switch is in the STBY 
position, R7 is placed in parallel with R8. Their combined 
resistance is about one-fifth that of R8 alone. At normal 
operating temperatures, the bottom of the voltage divider 
is at +0.5V and the top is at battery voltage plus the 
voltage drop across Rl. The op amp causes Ql to pass 
nominally 560 mA through Rl. If the ON/ STBY switch is 
in the ON position, R7 is no longer in parallel with R8, 

010-4 



This change in the voltage divider input to U 1 A will cause 
the charging current to decrease to nominally 1 10 mA. If 
the battery temperature approaches 65° C, the bottom of 
the voltage divider becomes +5V and the voltage at TPl 
approaches the battery voltage. This decreases the output 
of the op amp cutting off Ql. As the battery cools, the 
resistance of the thermistor decreases allowing the battery 
charge to resume. If FI blows, removing the regulated 
input to UlA, CRIO will limit the conduction of Ql so 
that the voltage at TP2 does not exceed 6V. 

010-21. Low Battery Voltage Relay Circuit 

0 1 0-22. The low battery voltage relay keeps the battery 

from discharging to a reversed cel! condition by removing 
the battery load when battery voltage drops to about 4V. 
The battery is connected to its load through K I , a two coil 
latching relay. During normal operation, the battery and 
its load are connected, Q2 and Q6 are off and Q5 is in 
saturation. When battery voltage drops to about 4 V, the 
base bias on Q5 (TP5) is low enough to cut Q5 off. This 
lets the input on pin 1 3 of flip-flop U2 rise. This will 



72XXA-010 





change the state of U2 making the output on pin 1 1 of U2 
go low. This causes Q6 to conduct, charging C2 and 
turning Q2 on. When Q2 conducts, the coil of K1 in the 
collector of Q2 will energize, opening Kl. When Kl 
removes the battery loads, the input circuitry for Q2 is 
deenergized. C2 has been charged to make Q2 conduct 
long enough to insure that Kl is latched in the open 
condition. After the battery has been recharged, pressing 
the RESET switch on the front panel will connect battery 
voltage to both the reset coil of Kl and pin 6 of U2. The 
RESET switch contacts will be closed long enough to 
insure that K I will be latched shut. This will restore the 
connection between the battery and its load. Q5 will go 
into saturation. The battery voltage at pin 6 of U2 will 
cause pin 1 1 to go high, turning off Q6. 

010-23. Inverter 

010-24. The Inverter is composed of Q3, Q4, T1 and 
their associated circuitry. The three components form an 
oscillator that runs at about 10 kHz. This oscillation 
allows T1 to step up the battery voltage to provide 
rectified operating voltages to the --5V, + 12V and -nv 
regulators for instrument power. 

010-25. PERFORMANCE TEST 

010-26. Use the following procedure as a performance 
test. Table 010-2 lists the test points. The component 
location diagram at the end of this option can be used to 
locate these test points. The instrument will be referred to 
as the UUT (Unit Under Test). Use a variable DC power 
supply with an output range of at least 3-5V and the test 
equipment listed in Section 4. 

I. Remove the top cover of the UUT using the 
procedure given in Section 4. Leave the cables from 
the Battery Option PCB connected to the Main 
PCB and lay the top cover beside the instrument, 
upside-down. The grey ribbon cable will have to be 
removed from the retaining clip on the bottom side 
of the top cover. 



Table 010-2. Test Points 



TEST 

POINTS 


COMMENTS 


TPl^ 


Voltage across sensing resistor, Rl. 


TP2) 

TP3 


COMMON 


TP4 


Battery voltage. 


TP5 


Low Battery Voltage Sensing Point 


TP6 


Low Battery Voltage Cut-Off Signal. 



2. Connect the UUT to line power. 

3. On the UUT front panel; 

a. Set the ON/STBY switch to the STBY 
position. 

b. Set the BTRY/LINE switch to the LINE 
position. 

4. Connect the DVM: -H to TP2, - to TP3. 

5. Verify that the DVM reads greater than 5V. If it 
does not, continue the charge until this reading 
(Battery Voltage) is at least 5V. 

NOTE 

In the next step, the D VM test leads must be 
isolated from ground, 

6. Connect the DVM: -h to TPl, ~ to TP2. 

7. Verify that the DVM reads between 96 mV and 
128 mV. 

8. Set the ON/STBY switch to ON. 

9. Verify that the DVM reads between 14 mV and 
30 mV. 

10. Set the ON/STBY switch to STBY. 

11. Connect the DVM: T to TP4, - to TP3. 

12. Verify that the DVM reads battery voltage. If 
there is no voltage present, press the RESET switch 
on the front panel. The DVM should now read 
battery voltage. 

CAUTION 

The counter must be disconnected from 
ground during the following soldering 
procedures. Disconnect the power cord and 
any other connection (e.g., BNC) that may be 
Introducing a ground to the instrument. The 
use of an ungrounded soldering iron is 
recommended. 

13. U nsolder an end of the fuse wire located on the 
PCB near the battery harness. 

14. Adjust the DC Power Supply for a +5V 
output. 

15. Connect the DC Power Supply + to TP2, - to 
TP3. 
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72XXA-010 





!6. Connect the DVM "f lead to TP4, - lead to 
ground. 

17. Slowly reduce the DC Power Supply voltage 
until the relay opens as indicated by the voltage of 
TP4 dropping suddenly to OV. (The click of the 
relay may also be heard.) 

18. Verify that the output voltage of the DC 
Power Supply is between +3.8V and +4.3V. 

19. Disconnect the DC Power Supply. Resolder 
the fuse wire. 

20. On the front panel of the UUT; 

a. Press and release the RESET switch. 

b. Set the ON/STBY switch to the ON 
position. 

c. Set BTRY/LINE switch to the BTRY 
position. 

d. Set the RESOLUTION switch to the 1 kHz 
position. (For 7220A, 100 Hz.) 

e. Set the function select switch to the CHK 
position. 

21. Verify that the UUT display reads 10.000. (For 
7220A, display should read 10.0000.) 

010-27. MAINTENANCE 

010-28. Battery Replacement 

010-29. Use the following procedure to replace the 
battery: 

1. Remove the line power from the instrument. 

2. Remove the top cover of the instrument using 
the procedure given in Section 4. Place the top cover 
upside-down on the work surface. 

3. Disconnect the two cables between the Battery 
PCB and the Main PCB. 



4. Remove the four screws holding the battery 
case to the battery bracket. 

5. N ote the position of the thermistor. This will be 
important in a later step. 

6. Lift the battery case and Battery Option PCB 
off the battery and place it to one side. 

7. U nsolder the two wires connected to the battery 
(white and black). 

8. Dispose of the old battery. 

9. Solder the white and black wires to the tabs on 
the new battery. White to the tab on the recessed 
battery end (+) and black to the tab on the flush 
battery end (-). 

10. Replace the battery case being sure to place 
the thermistor in the same position noted in step 5. 

11. Connect the two cables between the Battery 
PCB and the Main PCB. 

12. Replace the top cover. 

010-30. Fuse Replacement 

010-31. Use the following procedure to replace the fuse 
on the Battery Option PCB: 

1. Remove the line power from the instrument. 

2. Remove the top cover from the instrument 
using the procedure given in Section 4. Place the top 
cover upside-down on the work surface. 

3. Unsolder the ends of FI from its terminals. 

4. Solder a suitable length of #35 magnet wire 
between the fuse terminals. 

5. Place the top cover on the instrument. 

010-32. LIST OF REPLACEABLE PARTS 

010-33. Table 010-3 is a list of replaceable parts for the 
battery assembly. Figure 0 1 0-3 is the component location 
diagram for this table. 
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Table 010-3. Battery Option -010 Assembly 







FLUKE 


WFG 


MFC PART NO. 


m 


REC 


DESCRIPTION 


STOCK 

NO. 


SPLY 

CODE 


OR TYPE 


B 


OTY 





® BATTERY OPTION~010 ASSEMBLY 


OPTION 


-010 




1 






FIGURE 6010-3 (7220A-4010T) 














BATTERY PCB ASSY 


ORDER 


BY 


OPTION -010 


REF 




BTl 


BATTERY ASSY 


484048 


89536 


484048 


1 




Cl 


CAP, TA, 2.2 UF +/-20%, 20V 


161927 


56289 


196D225X0020HA1 


6 




C2 


CAP, TA, 4.7 UF V“20%, 25V 


161943 


56289 


196D475X0025KA1 


1 




C3 


CAP, TA, 330 UF, +/“10%, 6V 


193011 


56289 


150D337X9006S 


1 




C4 


CAP, TA, 2.2 UF -i-/-20%, 20V 


161927 


56289 


196D225X0020HA1 


REF 




C5 


CAP, CER, 47 PF +/-20%, lOOOV 


369132 


56289 


C030B102H470a 


1 




C6 


CAP, CER, 0.1 UF +/-GVM, 25V 


369199 


71590 


UK-25-104 


1 




C7 


CAP, TA, 2.2 UF +/“20%, 20V 


161927 


56289 


196D225X0020HA1 


REF 




C8 


CAP, TA, 2.2 UF +/~20%, 20V 


161927 


56289 


196D225X0020HA1 


REF 




C9 


CAP, TA, 2.2 UF -l-/-20%, 20V 


161927 


56289 


196D225X0020HA1 


REF 




CIO 


CAP, TA, 2.2 UF +/“20%, 20V 


161927 


56289 


196D225X0020HA1 


REF 




CRl 


DIODE, SI, HI-SPEED SWITCH 


203323 


07910 


1N4448 


9 


2 


CR2 


DIODE, SI, HI-SPEED SWITCH 


203323 


07910 


1N4448 


REF 




CR3 


DIODE, SI, HI-SPEED SWITCH 


203323 


07910 


1N4448 


REF 




CR4 


DIODE, SI, HI-SPEED SWITCH 


203323 


07910 


1N4448 


REF 




CR5 


DIODE, SI, HI-SPEED SWITCH 


203323 


07910 


1N4448 


REF 




CR6 


DIODE, SI, HI-SPEED SWITCH 


203323 


07910 


1N4448 


REF 




CR7 


DIODE, SI, HI-SPEED SWITCH 


203323 


07910 


1N4448 


REF 




CR8 


DIODE, SI, HI-SPEED SWITCH 


203323 


07910 


1N4448 


REF 




CR9 


DIODE, SI, HI-SPEED SWITCH 


203323 


07910 


1N4448 


REF 




CRIO 


DIODE, ZENER, 7.5V 


256446 


07910 


1N755B 


1 




HI 


NUT, HEX, #4 


147611 


89536 


147611 


2 




H2 


SCREW, PHP, 4-40 X 1/4 


129890 


73734 


19022 


1 




H3 


SCREW, PHP, 6-32 X 1/4 


152140 


73734 


19042 


8 




H4 


SCREW, RHD, FH, 4-40 X 3/8 


152124 


73734 


18024 


2 




H5 


SPACER 


500074 


89536 


500074 


4 




H6 


WASHER, FLAT #8 


110288 


73734 


97425 


4 




H7 


WASHER, FIBER 


246488 


73734 


1471 


4 




H8 


WASHER, #6 


110338 


89536 


110338 


8 




H9 


WASHER, #6 


152140 


89536 


152140 


4 




HIO 


WASHER, DOCK #4 


110403 


73734 


1302 


2 




Hll 


WASHER, SHOULDER, INSULATING 


485417 


86928 


5607-50 


1 




H12 


WASHER, SPLIT #4 


110395 


89536 


110395 


1 




K1 


RELAY, LATCHING 


484535 


89536 


484535 


1 




LI 


CHOKE 


502138 


89536 


502138 


1 




MPl 


BRACKET, BATTERY 


476200 


89536 


476200 


1 




MP2 


CASE, BATTERY 


475459 


89536 


475459 


1 




I4P3 


CABLE TIE 


172080 


06383 


SST-IM 


1 




MP4 


INSULATOR, REG. 


412809 


13103 


43-77-8 


1 




MP5 


PLUG, CONNECTOR KEY (NOT SHOWN) 


500801 


52152 


3435-0000 


1 




MP6 


SPACER, PCB COMPONENT (NOT SHOWN) 


296319 


89536 


296319 


1 




MP7 


SPACER, XSTR (TO Q2) (NOT SHOWN) 


152207 


07047 


10123-DAP 


1 




01 


TRANSISTOR, SI, NPN, FWR 


325761 


09214 


D44C5 


1 


1 


02 


XSTR, SI, NPN’ 


346916 


89536 


346916 


1 


1 


03 


XSTR, SI, NPN, FWR 


325720 


04713 


MJE3055 


2 


1 


04 


XSTR, SI, NPN, fWR 


325720 


04713 


MJE3055 


REF 
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Table 010-3. Battery Option -010 Assembly (cont) 



BEF 

DES 


DESCRIPTION 


FLUKE 

STOCK 

NO. 


MFG 

SPLY 

CODE 


MFG PART NO. 
OR TYPE 


TOT 

OTY 


BEC 

OTY 


Q5 


XSTR, SI, NPN 


218396 


04713 


2N3904 


1 


1 


Q6 


XSTR, SI, PNP 


195974 


04713 


2N3906 


1 


1 


R1 


RES, WW, 0.2 -t-/-3%, 0.7W 


255661 


89536 


255661 


1 


R2 


RES, MTL, FILM, I.IK 1/8W 


241497 


91637 


CMF551101F 


1 


R4 


RES, DEP. CAR, lOOK +/-5%, 1/4W 


348920 


80031 


CR251-4-5P100K 


1 


R5 


RES, MTL. FILM, 86. 6K +/-!%, 1/8W 


291468 


91637 


CMF558661F 


1 


R6 


RES, DEP. CAR, 47 +/-5%, 1/4W 


441592 


80031 


CR251-4-5P47E 


2 


R7 


RES, MTL. FILM, 61. 9K +/-!%, 1/8W 


237230 


91637 


CMF556191F 


1 


R8 


RES, MTL, FILM, 249K +/“!%/ 1/8W 


268805 


91637 


CMF552493F 


1 


R9 


RES, DEP. CAR, 1.2K +/-5%, 1/4W 


441378 


80031 


CR251-4-5P1K2 


1 


RIO 


RES, DEP. CAR, 47 +/-5%, 1/4W 


441592 


80031 


CR251-4-5P47E 


REF 


Rll 


RES, COMP, 10 V-5%, IW 


166298 


01121 


GB1005 


1 


R12 


RES, DEP. CAR, 330 +/-5%, 1/4W 


368720 


80031 


CR251-4-5P330E 


1 


R13 


RES, DEP. CAR, 82 +/-5%, l/4fi 


442277 


80031 


CR251-4-5P82E 


1 


R14 


RES, MTL. FILM, lOK -l-/-l%r 1/8W 


168260 


91637 


CMF551002F 


1 


R15 


RES, MTL. FILM, 6.65K -l-/-l%, 1/8W 


294918 


91637 


CMF556651F 


1 


R16 


RES, THERMISTOR, lOK +/-10%, 3 MW 


104596 


15801 


JA41J1 




R17 


RES, DEP. CAR, IK +/-5%, 1/4W 


343426 


80031 


CR251-4-5P1K 


REF 


R18 


RES, IMP. CAR, 470 +/-5%, 1/4W 


343434 


80031 


CR251-4-5P470E 


1 


T1 


XFMR, PCWER 


486530 


89536 


486530 


1 


U1 


IC, UNEAR OP AMP 


414284 


12040 


LM1458N 


1 


1 


U2<2> 


IC, COS/MOS, NOR GATES, POS LOGIC 


355172 


02735 


CD400IAE 


1 


1 


W1 


CABLE, BATTERY #1 


488403 


89536 


488403 


1 


W2 


CABLE, BATTERY #2 


488411 


89536 


488411 


1 


W3 


CABLE, BATTERY #3 


491704 


89536 


491704 


1 



NOTE; 0 Indicates the item can be damaged by static discharge. 
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Option-111 
1 PPM TCXO 



.-Ji 



E 



.1 



J 



111-1. INTRODUCTION 

I II -2. Option - III is a temperature compensated crys- 
tal oscillator (TCXO) with an intrinsic stability greater 
than the standard time base. This increased stability is 
due to a temperature compensation network. Figure 
lll-l shows the frequency variation for change in 
temperature for an uncompensated oscillator and the 
compensation network effect. The resulting frequency 
deviation (solid line) is held to a minimum over the 
designated temperature range. If the temperature limits 
are exceeded, the time base stability may exceed the 
specified value. 

111-3. SPECIFICATIONS 

111-4. Specifications of the 7220A-1I1 Option are 
listed in Table 111-1. Comparative specifications for the 
other time bases available are listed in Section 1 of the 
7220A Instruction Manual. 

111-5, INSTALLATION 

111-6. Installation of the 1 PPM TCXO (Option -1 1 1) 
necessitates removal of the counter’s Main PCB; refer to 
disassembly instructions in Sectio]i 4 of the Instruction 
Manual. The TCXO is installed in the left rear corner of 
the Main PCB. Use the following procedure: 

1. Unsolder and remove any other time base already 
installed. 

2. Refer to Figure 111-2 and install the insulator 
and the TCXO. 

3. While exercising care not to overheat the Main 
PCB, solder the TCXO connections. 



4, Complete the following jumper and solder bridge 
arrangements as follows: If necessary, remove the 
short at SB2 (bottom of Main PCB, front left 
corner). Also, if necessary, remove the short at SB4 
or SB5 (bottom of Main PCB, left rear corner). 
Solder a jumper at SB3 (left rear corner). 

111-7. OPERATION 

111-8. Operation of the instrument with the Option 
-111 installed is the same as operation of a standard 
instrument. Refer to Section 2 for operating instructions. 

111-9. CALIBRATION 

1 1 1-10. Calibration for the TCXO (Option -1 1 1) time 
base necessitates the use of a frequency reference with an 
accuracy of + 1 X 10'^. A cesium standard, such as the HP 
5061 A, is recommended. This calibration procedure calls 
for applying the reference frequency to Channel A and 
adjusting the time base for a counter display of the known 
input. At the 0. 1 Hz Resolution setting on the counter, 
this method yields an adjustable accuracy of +5 parts in 
10^ (±one count error). Proceed with the following steps: 

1. Remove the top cover from the 7220A. 

2. Press the POWER switch to ON. Allow a min- 
imum warmup of twenty minutes. 



WARNING 

LINE VOLTAGE IS PRESENT WHENEVER 
POWER CORD IS CONNECTED. 

3. Apply an external frequency source of 10 MHz 
(100 mV rms) with an accuracy of±l x 10*^ 
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Figure 11 1'1. Compensation Effects 



4. On the 7220A front panel, make the following 
settings: 

RESOLUTION I Hz 
CH A/CH B 125 MHz 
attenuation as required for a stable 
display 

5. Ascertain the offset frequency for the installed 1 
PPM TCXO. This figure is stamped on the TCXO 
case (which is mounted on the left rear corner of the 
Main PCB). 



Table 111-1. Option 7220A-111 Specifications 



Nominal Frequency 


. 10MHz 


Aging Rate per day 


. ~ 


per month .... 


. ±3x10~’’ 


per year 


. ±1 X 10~^ 


Accuracy with Temperature* 




(0^ to 40°C) 


. +1 X 10"*^ 


Line Voltage (10% line variation) , . . 


. ±2 X 10"'^ 


Battery Operation 


. ±2 X 



* Includes errors caused by temperature variations 
during operation as well as all calibration errors when 
calibrated per specifications. 



6. Locate the OPT. -Ill FREQ ADJ port on the 
lower right corner of 7220A rear panel. 

7. Using a non-ferrous alignment tool (Fluke Part 
Number 542886, Fed. Stock 5120-724-3767), adjust 
the 1 PPM TCXO through the access port. Adjust 
for a displayed reading of 10.000000 MHz MINUS 
the offset frequency. For example, with an offset 
stamped on the TCXO of -3.7 Hz, adjust for a 
display of 10.000004 MHz. 

8. Set the RESOLUTION control to O.I Hz. 

9. Now adjust theTCXO for a displayed reading of 
10.0000000 MHz MINUS the offset frequency For 
the example given in Step 7. the display should be 
10.0000037 Hz. 

10. Install the 7220A top cover. 

111-11. REPLACEABLE PARTS 

1 1 1-12. The 7220A Option -1 1 1 I PPM Oscillator is a 
completely sealed unit containing no replacement parts. 
However, the 7220A-1 1 1 Option Kit (Fluke Part Number 
575100) does include the -111 PPM Oscillator (Fluke 
Part Number 516104) and the Insulator (Fluke Part 
Number 487710), either of which may be ordered separ- 
ately. For information about ordering, see Section 5. 
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Option-131 
Low Power Oven Time Base 



131-1. INTRODUCTION 

131-2. The -1 3 1 Option is a crystal oscillator inside a 
temperature stabilized oven. The oven uses an extremely 
small amount of power. After the assembly is warmed up, 
power consumption is I watt, typically. This allows oven 
controlled time base accuracy with a battery powered 
instrument. Operation and Calibration of an instrument 
equipped with the -1 3 1 Option is the same as with a 
standard instrument. Refer to Sections 2 and 4 of this 
manual for additional information. 

131-3. SPECIFICATIONS 

1 3 1 -4. The specifications of the - 1 3 1 Option are listed in 
Table 131-1. 

131-5. INSTALLATION 

6 } 3 1 -6. Installation of the Low Power Oven Time Base 
(Option - 1 3 1) necessitates removal of the counter’s Main 



Table 131-1.-131 Option Specifications 



Nominal Frequency . , . . 


10 MHz 


Aging Rate 


1 X 10“^ /month* 


Accuracy with Temperature 


+ 1 X 10"^ 


(0® to 40°C) 




Line Voltage 


2 X 10"® 


(10% line variation) 




Warmup** 




10 minutes 


5X lO'"^ 


20 minutes 


3 X 10'® 


Battery Operation . . 


±5X 10"^ 



* After 5 days continuous operation. 

** Specifies offset from final frequency value (the value 
after 24 hours). 



PCB; refer to disassembly instructions included with 
Section 4. For each counter, the Low Power Oven Time 
Base is installed in the top left rear corner of the Main 
PCB. Use the following installation procedure: 

1. Unsolder and remove any other time base 
already installed. 

2. Referring to Figure 131-1, install the Low 
Power Oven Time Base and insulator. Use the 
provided hardware to secure the time base to the 
Main PCB. 

3. While exercising care not to overheat the Main 
PCB, solder the time base connections. 

4. Complete jumper and solder bridge arrange- 
ments on the Main PCB as described below: 

a. 7220A: If necessary, remove the short at SB4 
and jumper SB5 (bottom of Main PCB, left rear 
corner). Jumper SB2 (bottom, left front corner). 

b. 7250A: If necessary, remove the short 
between WI and +12V and jumper WI to +5V 
(top of Main PCB, left front corner). Jumper 
SB2 (bottom of Main PCB, left front corner). 

c. 7260A or 7261 A: Remove the short at SB5 
and jumper SB4 (bottom of Main PCB, left 
rear). Jumper SB2. 



131-7. CALIBRATION 

1 3 1 -8. Calibration for the Low Power Oven Time Base 
necessitates the use of a frequency reference with an 
accuracy of ±I X lO’^. A cesium standard, such as the HP 

131-1 








Figure 131-2. Installation 
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506 i A, is recommended. This calibration procedure calls 
for applying the reference frequency to Channel A and 
adjusting the time base for a counter display of the known 
input. At the 0.1 Hz RESOLUTION setting on the 
counter, this method yields an adjustable accuracy of 2 
parts in 10* (+ one count error). Proceed with the 
following steps: 

1. Ensure that the counter’s top and bottom 
covers are installed. 

2. Apply power to the counter and allow for a 
minumum warmup of 20 minutes. When possible a 
warmup of 24 hours is preferred. 

3. Set counter controls and connections as defined 
in Section 4 of this manual ("Time Base 
Calibration"). 

4. Connect the 5 MHz (100 mV) frequency 
reference output to CHANNEL A input on the 
counter. 

5. If necessary, adjust the lime base so that the 
counter’s display corresponds to the first reading 
presented in Table 6131-2. The adjustment is 
accessed through a hole in the left rear corner of the 
bottom case half. Use a JFD 5284 (or equivalent) 
non-ferrous adjustment tool. If installed at the rear 
of the bottom case half, the bail will have to be 
removed to allow access. 



6. Change the counter’s RESOLUTION setting to 
the next step listed in Table 6131-2 and repeat step 
(5) for the respective display. Display update in the 
0.1 Hz setting occurs every ten seconds. 

NOTE 

When the O VFL LED is illuminated, observe 
the GATE LED (on) to verify that a 
measurement is being made. 

6131-9. LIST OF REPLACEABLE PARTS 

131-10. A replacement oscillator can be ordered by 
using Fluke Part Number 5161 12. The Manufacturer’s 
Federal Supply Code is 89536 and the Manufacturer’s 
Part Number is 516112. The insulator can be ordered 
with part number 4877 10. Refer to Section 5 for ordering 
information. 



Table 131-2. Calibration 



RESOLUTION 


DISPLAY (±1 COUNT) 


1 Hz 


5000.000 kHz {7250A. 7260A, 7261 A) 




5.000000 MHz {7220A) 


0.1 Hz 


000.0000 kHz* (7250A) 




5000.0000 kHz (7260A, 7261 A) 




5.0000000 MHz {7220A) 
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